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| IRX Lite + USB Xtall V9.0 Kit - Home F : 


modifi 


ntroc eduction — : ! ae 
This i is ‘the home page for the Detailed Builder's Notes for the Softrock "Lite + USB Xtal" v9. 0 
Software Defined Radio receiver, the latest in a series of SDR kits offered by ‘o>. ><> KB9YIG. 


fd * 


| The intent in providing these detailed instructions is to help the less experienced builder through what 
z might otherwise be a daunting task. The instructions provide a stage-by-stage build process, allowing 
the bulider to build a single stage and then test it ("sanity check") before moving on to the next stage. 


-. 


; a of he documentation was a developed entirely from the schematic and from the earlier 
“necessary. You SHOURE Breck Bei Stieally to see if there have been any «= ons, esnentallea in the 
area of Stage-end tests. If your browser is caching pages, you may need to hit the "refresh" key (F5 
_ on IE and Firefox) to get the latest version of the page. 

t 


These notes can be downloaded as a PDF file ==>. Thanks to Craig ABSIV. 


Py 


POrdering information 
_ Prices and aNenaih’s of the kit and its options are found at the = o°o0% “soon es voeess, 
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og on a stage to view its detailed builders’ notes) 
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Each stage will have a subset of the overs) schematic c:acram. Each sub-schematic is annotaded 
with clickable text to show "from/to" stages. The user can click on the text and link to the appropriate 
stage. 


The schematics are annotated with red dots to designate the resistors’ hairpin leads (or for a 
flat-mounted resistor, the left-hand or top lead). 


To view the schematic diagram for the entire receiver, see vers) scoemarc scram from Tony's 
original documentation. 


For the more experienced builder, each stage has a "Summary Build Steps" section which outlines the 
sequencing of tasks within the stage and provides a link to the testing stage (bypassing the detailed 
installation notes). 


For the most experienced builder, see the (o> > oo" 5 > os below. 


For the rest os us, detail construction steps and tests are provided in each stage and will be 
highlighted by special Icons: 


A test operation in the Testina section 
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An onticna! test usina an oscilloscone. 


Any comments or corrections should be directed to the author, ~o o>,’ WB5RVZ, and would be most 
appreciated. 


Theory of Operation 
This kit incorporates the new 5:5) 0 oroGgiamimace osc.iaios, along with a USB-coupled 


microcontroller that allows an SDR program on the PC to tune that oscillator to any desired"center” 
frequencies with which to drive the basic Softrock receiver. 


The kit covers both types of SI570 oscillators: the CMOS version and the LVDS version. The only 
differences are with respect to two components, R25 and U8 (see the —) ©) “fern s). 


- as "Softrock" implies - it was pretty much rockbound. For a given crystal value, you could receive one 
or two "bands", centered on a frequency that was one-fourth the crystal freauency. Depending upon 
the sound card used, the bandwidth of the receiver would be +/- 24 kHz around the center frequency 
or +/- 48 kHz around the center frequency, depending upon the sound card's sampling bandwidth. 


In the block diagram above (which is almost identical to the block diagram for a simple direct 
conversion receiver), the Bandpass Filter, Mixer, and OpAmps stages are essentially the same as 
those on the RX-Lite. The Local Oscillator and Dividers stages replace the crystal-based LO and 
divider chain of the original. However, the essence remains: 


e the local oscillator develops a signal that is a 4X multiple of the center frequency and the dividers 
bring the signal to the desired center frequency and into quadrature (90° phase difference 
between the two outputs of the chain). 


e These 2 signals are fed to the Mixer stage, which down-converts the "chunk" of RF that is in the 
passband of the bandpass filters into 2 "chunks" of audio representing the difference between the 
incoming RF and the LO quadrature signals. 


e These 2 AF signals are identical, and 90° out of phase with each other. They are amplified in the 
Op-Amps stage and fed into the PC's sound card to be digitized and processed. 


e An essential part of that digital signal processing is using the quadrature streams to tease out the 
signals that are above the center frequency from those that are below the center ferequency, 
yielding a spectrum centered on the center frequency. 

The real advance here is the use of a programmable oscillator (SI570) in the local oscillator circuit and 

a USB control circuit to program the Si570. (The USB control circuit also provides PTT switching 

outputs and keyer/stgraight key inputs for the SDR software running on the PC, but these are not 

needed for RX only operation). This setup allows the user to select any desired center frequency. This 

is a major advance over the Version 8.3 receiver, which only permitted switch selection of up to 16 

pre-programmed center frequencies and leaves the rockbound RX Lite in the dust! 


The other advance is changing the design of the bandpass filters to allow for ramovable filter boards 
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A test operation recuirina an HF transceiver. 
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(this radio uses the same BPFs as the Vers'05 = «~~» =). Together these design changes add a 
multiband capability to the Softrock platform and open it up to follow-on designs that will provide even 
greater frequency agility. 


See, also, the os eec | seer @ (oeercues discussion. 


Bill of Materials | 


Each stage of construction will be preceded by a detailed bill of the materials for that stage, ordered in 
the sequence in which the different components are to be installed. 


For reference and inventorying purposes, the overall bill of materials is provided in a ==: 


Terse Build Notes for the “Experts” | 


Tony's original build instructions for the expedited, "non-staged" approach are provided here for 
reference. If you plan to follow the staged construction approach outlined in this and subsequent 
pages, do not attempt to follow the steps listed below. 


Board Topside 


“Litetuse Mtalt u9.@ 
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Tasks for “Stuff-the-Board-and-Then-Test’ approach (said Tom tersely} 
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=e be 


Install all SMT Capacitors to bottom of board (see graphic, above) , except for those 
around U3 (C12, C13m abd C15) and (if U5 is used) C18. 


Install Five pin SMT 3.3V Voltage Regulator, U3, to bottom of board. 

Make sure U3 leads are well-centered on their pads, then tack the IC in place by 
careful soldering of one lead. Apply heat to pin to reposition U3 and, when properly 
positioned, carefully solder the other leads. 

Use solder wick to remove excess solder or solder bridges between pins. 


If using LVDS version of Si570, install U5, Fin1002, on bottom of board in same 
careful fashion as U3 U5 is NOT installed if the Si570 is the CMOS version. 


Install remaining SMT capacitors (C12, C13, and C15) 


Install U4, Si570, on bottom of board with careful soldering as with U3. Note that 
there are 8 "pins" to be soldered. 


Install remaining SOIC SMT ICs to bottom of board (if an IC in the kit fits a location, 
it is the correct IC for that location). 


Mount 5V Voltage regulator U1, LM7805, to top of board with a 4-40 machine screw, 
#4 start lockwasher, and hex nut, attaching the tab of U1 to the board. 


Mount the 2 and 3 pin sockets, J3 and J2, in the J3 and J2 locations. 
Mount 9-pin socket J1 in its location. 


Install resistors R1-R22 on top of the board, with R1-R7, R16-R17, and 
R19mounted "hairpin" style. All other resistors are mounted flat. 
Note: R8 is NOT installed if the Si570 is the CMOS version 


Install capacitors to the top of the board in the locations shown on the silkscreen. 
Install the socket for U3 on top of board. 


Diodes D1-D3 on top of board in hairpin fashion with diode body above each round 
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pad. 


e Connect a shorting wire in the CMOS jumper location if the Si570 is the CMOS 
version. 


e Connect a shorting wire between the /RXEN hole and the ground hole immediately 
to its left. 


e Build desired band pass filter board(s) and mount on J1 such that the 3 header pins 
qo to J1's left-most 3 pin sockets. 


Detailed Build Notes | 
lf you prefer to take the more methodical, "build a little, test a little, ...." staged approach to building 


this kit, this web site is for you. In the pages that follow this home page, you will find the notes for the 
construction and testing of each of the stages of the build. 


The build will go through the following stages 


Each stage will Have the same basic sections: 


e Introduction and theory of operation 

e Schematic - a subset of the overall schematic diagram 

e Bill of Materials - a build sequence ordered set of the items to be installed in the stage 
¢ Summary Build Instructions - a summary of the steps in the stage 

e Detailed Build Instructions - the step-by-step, detailed tasks of the build 

e Testing - one or more tests that can be conducted to validate the built stage 


Testing | 


Most of the tests specified in these pages can be accomplished with a moderately priced digital 
multimeter. Some tests using more sophisticated tools may be specified, but are not really essential to 
Successfully building and testing this radio. 


Measurements specified in the tests must be considered approximate and the tester should expect a 


1/15/12 8:59 PM 


OMO oct ovale: oat " nisl am 20M “¢ 


a 


eee , 


+ ws ah 
i: an 
iS 


au Ye 
ey 4% 
) : megane olor bewowg oft be sior! YEA ot 


ae SN nt 
eri bead € ert tilt lowe rh Ao iui bas (eitneod vt 
: Reds 
. ~~ omibliud of dasoiqas peaaie cK “Sa S ‘Steet i ‘obi’ baa” 3 
aft tot aoton erit brn liiw voy oped ether aid wo - nee 
| ; iid srit to 0 eegote a 
wien 
ord orgy 22 ease 


ee Tt ot et er! cert ee 
eee e Our BE aw eet ee ba ses ee Ree x2 
y vf « s 
= ~ 


ones orits fi baltesioen nm ot etm aii to toe 

i pete eat ni eqele ort 

‘ sate ae "line! erit 90 atest helisteb .¢ BY 
| > | sists son wt etal ye 


oy 


ee 


Ch os 


Tatigib — (eisobom 5 ‘hie’ 
of iniineese een fon ais hud boiling: 


+5 : ae 


04 he Bide i - ohm ie ee 
ie ‘ x yo ae 


JSB Xtall RX V9.0 - Home Page http://www.wbS5rvz.com/sdr/RX_V9_0/index.htm 


fairly wide (+/- 1--20%) range of values around the specified values. 


Tests will be identified by the following icons: 


Background info 


Tools 
soldering _ 


e Read the — on es scones at the Sparkfun site. It is a very good read and it speaks 
great ane cone take the time to watch the ~ 


¢ For more general "how-tos" on soldering, Craig KBS5UEJ highly recommends the videos at ~~ 


e "Splashover": Be careful when soldering SMT components to the bottom of the board. In some 
cases There are holes through which topside component leads must pass and which can easily 
get clogged with "solder splashover", where the hole is very close to an SMT pad. 


¢ Solder Stations. Don't skimp here. Soldering deficiencies account for 80 percent of the problems 
uncovered in troubleshooting. It is preferable to have an ESD-safe station, with a grounded tip. A 
couple of good stations that are relatively inexpensive are: 
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Velleman : (approx $20 at Frys) 


© Harbor Freight 


Electro Static Discharge (ESD). Protection 


1/15/12 8:59 PM 


7 
ve 
* 
te: 
> 


iw Ore kes areas Wiebe 
Sasa) (ait ge 
ee eae CD-R 


o> j 
s . ; 
, #. 
iy — 
> 
4 
, es 
1 Mee We 


Sprites A ess ie fy 
i >¥ 
4 PF r = | 
a 
~~? 5 ae 
ar eee 
F > 5 
i : 
_ 
+4 
’ 
% 
f 
7.3 a nd tes 
¥ vr Sd Lf? P aa 


st eeecetiod & it oF eis. 


re fal. 


- 


re ee al 


a ; eid 
4 Sle Or ag eg a 


ay eae 


; < 
sdllie x 
ae t Pe 7 
a Sia a seiiges f° 
Ade ar ae ~~ 
a be _ b ‘ : ; - 
4 ’ t 7 4 


SB Xtall RX V9.0 - Home Page http://www.wbS5rvz.com/sdr/RX_V9_0/index .htm 


e Whenever you see the symbol on the left, this means to take ESD precautions: 
e Avoid carpets in cool, dry areas. 


e Leave PC cards and memory modules in their anti-static packaging until ready to be 
installed. 


e Dissipate static electricity before handling any system components (PC cards, 
memory modules) by touching a grounded metal object, such as the system unit 
unpainted metal chassis. 


e If possible, use antistatic devices, such aS (SOU) 
for $25 or the for $15)). 


e Always hold a PC card or memory module by its edges. Avoid touching the contacts 
and components on the component. 


e Before removing chips from their insulator, put on the wrist strap connected to the 
ESD mat. All work with CMOS chips should be done with the wrist strap on. 


e Asan added precaution before first touching a chip, you should touch a finger to a 
grounded metal surface. 


e lf using a DMM, its outside should be in contact with the ground of the ESD mat, 
and both leads shorted to this ground before use. 


e See the review of ESD Precautions at this 


Work Area 


e You will need a well-lit work area and a minimum of 3X magnification (the author uses a ~ 
with a 3X lens. This is suplemented by a - with 
light - for close-in inspection of solder joints and SMT installation. 


e You should use a cookie sheet or baking pan (with four sides raised approximately a half an inch) 
for your actual work space. It is highly recommended for building on top of in order to catch stray 
parts, especially the tiny SMT chips which, once they are launched by an errant tweezer squeeze, 
are nigh on impossible to find if they are not caught on the cookie sheet. 


Misc Tools 
e tis most important to solidly clamp the PCB in a holder when soldering. A "third-hand" (e.g.., 
or the ws can hold your board while soldering. Ina pinch, you 
can get by witha simple => Eesrercsn ss . Jan GOBBL suggests "A very cheap way is 


to screw a Large Document Clip to a woodblock which will clamp the the side of a PCB." 


e (bent tip is preferable). 

e Diagonal side cutters. 

e Small, rounded jaw needle-nose pliers. 
¢ Set of jewelers’ screwdrivers 

e §=6An Exacto knife. 


e Fine-grit emery paper. 


1/15/12 8:59 PM 


care 
2 es > ee * 
venciusse gq G23 exe? of enserr ' 


‘ed of ybean litnu gnigavong oitsie-iins tied ni 


deus 3% aheroqrnce inating Wayenelae 
jirwy meteye ert es rove Josie tem bebsuota 6g 


(Ete rot 


efoainoo ertt gritouct biovA zeube ef yd olibom v 


A Se See z 
ect! at baiseanos eee telwe aril no tl steer ir of 
MO gaia tein ori ritiw enob ed biuore eqirto SC 


its | 4 
g of 1egnit 6 douol biuorie voy aio gato! ew and 


Jom G23 ao bruce of ie ostnoo oa bore a 


ou rod bce ot 
zirli ts enoituessy O 


. 
» 5s) 
as 
= 


~ 8 20eu toriue eff) nolisaitingsm. XE to. chumminien © © Orn ia 
rifiw - 


8 yd betremeique ai 2iiT ensl 
(domi ne Ved s yistemixowas basie: 2bie wth (hw) ste: ios 10 36 
yada rtoiso of yebio ni to gab mo gniblind st bebnemenaogs 


creme waged Kate ee ee ae 


Jose ebooo et 0 guso 4m 38 


TS 


2:2) *onect-bnit" A sciahale winiathei: aaa 
uOV .foniq e vl .onivehiog elirtw bised woy blort nest 
2! yew agers yiev A" eizepque JBOD nel ~ 


es Sb fags oe Rich. 
"G09 6 to sbie ori ect amsio iliw roiriw Aooidhoc 


als 


— oe ee 


TIPLE ST at 

‘aN Sees ; 
fis the main schematic of the Lite + USE kell V9.0 SDR. Ta» selnetic Nes been partitioned 
| e stages, each of witich is covered i a separate page of Gaid betatructions in this web site. 
i click on each shaded arma ei wew tha corvesponding stage Pasaye Notes 


=—_— —_-* 


72 , 1/23/12 3:32 PM 
1/15/12 8:59 PM 


‘ ‘ ies 


i Ae ae a Oe 
Sn, . se ate: orm ihe oy si ee “uate Ut Seg 
aoa ers 

, ho BA 

ee 


- yrs ape) ares 


' . a3 
B 
Ria’ 
¢ ‘ ‘ 
21 
4 - 
« 
‘ ) 
Ve a f + 
’ 
J 4 
’ 
= ? > 
= 
- 
i 
q 
\ 
er 
. ros 
ad - 
“~ . , 
t 
— > s 1 
rey iy \- 2 hy 


all RX V9.0 - Schematic http://www.wbS5rvz.com/sdr/RX_V9_0/schematic.htm 


Below vis the main ) schematic of the Lite + USB Xtall V9.0 SDR. The schematic nae EB paen partitioned 
into separate stages, each of which is covered in a separate page of build instructions in this web site. 
You can click on each shaded area and view the corresponding stage builders’ notes. 
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e This nr receiver is patterned o on 1 the classic “direct conversion” receiver, in that it mixes incoming RF 
down to audio frequencies by beating the RF against a Local oscillator such that the mixer 
products are in the audio frequency range. 


e Unlike the traditional DC receiver, the SDR does not "tune" the local oscillator’s frequency to beat 
up against a desired RF signal. Instead, the local oscillator generates a fixed, "center frequency. 
The beauty of an SDR design is that the operator can, in one display, "see" all activity within the 
design bandwidth and immediately "click" on any interesting signal within that spectrum. 


e This version (9.0) of the Softrock SDR receiver has a programmable local oscillator (U4 in the 
schematic below), permitting the operator to select any desired center frequency. Frequency 
selection is done in a SDR program on the PC, and implemented via a USB connection and 
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Xtall RX V9.0 - Schematic http://www.wbSrvz.com/sdr/RX_V9_0/schematic.htm 


control circuit (U2 in the schematic below). The local oscillator is the Silabs Si570, of which there 
are two versions: 


o LVDS - which requires U5, a high-speed, differential receiver that translates LVDS levels, with 
a typical differential input threshold of 100 mV, to LVTTL signal levels 


o CMOS - which does not require the translation by U5 


e While it would be tempting to use that frequency progammability to directly tune the oscillator to a 
specific desired frequency, the SDR design for Version 9.0 follows the SDR paradigm of providing 
a "chunk" of spectrum that is simultaneously detected and presented for processing in the PC. To 
accomplish this, the SDR hardware must present the "chunk" of spectrum as two down-converted 
chunks of AF in quadrature, the “I (in-phase) and the "Q" (quadrature) outputs. 


e Most SDR designs use the concept of a center frequency, on either side of which are arrayed the 
"chunk" of received frequencies in a “chunk" of the RF spectrum. For any desired center 
frequency, the oscilllator (U4 - red shaded area below) generates a frequency equal to 4 times the 
desired center frequency. This signal is fed to a divider chain (U6 - blue shaded area below) that 
divides the input by 4 (with attendant phase shifts to achieve quadrature). The divider chain then 
outputs two signals at the desired center frequency and one-fourth of the input frequency. These 
two center frequency signals are in quadrature - each identical, differing only in phase by 90 
degrees. 


e The two center frequency signals are passed to the mixer stage (U7 - green shaded area below), 
where they are mixed with and beat against the RF input from the band pass filter stage (BPF 
Module, biue-green shaded area below), resulting in two down-converted products that are 
quadrature AF analogues of the incoming RF signals. As a result, the mixer products can vary in 
audio frequency from zero to +/- some theoretically high audio frequency. 


firmware is updated) switched via USB control.) 


e These AF signals are then amplified in an inverting operational amplifier (U8 - grey shaded area 
below) to produce the | and Q signals for consumption and digitization by the PC's sound card. 


e The practical bandwidth achievable by this design is limited by the band pass filters and is 
one-half the soundcard's maximum sampling rate. 


e The "tuning" , image rejection, demodulation, AFC and other neat radio functions happen in the 
software part of the Software Defined Radio. it is the magic of Software that makes for the 
extraordinarily high selectivity in the direct conversion hardware (which is notorious for great 
sensitivity but terrible selectivity). The software allows the display of the audio frequency 
manifestations of the RF "chunk" on a display calibrated in the RF domain and centered on the 
center frequency. It "pivots" the digitized | and Q audio signals around the center frequency, such 
that the signals that (in RF) were below the center frequency are displayed to the left of the center 
frequency and those that were (in RF) above the center frequency are displayed to the right of the 
center frequency. Since these mixer products are difference products, the single drawback of the 
SDR design is that any signals that are precisely ON the center frequency are inaccessible 
without changing the center frequency. 
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ll V9.0 Revisions http://www.wbS5rvz.com/sdr/RX_V9_0/revisions.htm 


Revisions to the Pages/Documentation : 


This page provides a log of activities in concurrent building, debugging, and documenting the kit, 
identifying changed web pages and describing the changes/status. 


Revised 
Date wnat Changed 


ES firmware and PC USB Control software 
10/07/2009 references to reflect the new approach using the 
PEOFKO architecture. 

Added |» « to allow user to download a PDF version 
— phates notes. Tx to Craig ABQIV. 

Added caveat on soldering U2 Socket to ensure good 
ps8‘ frovoar2ooe ground. Tx to Nico ZS1KT! 


larified testpoints in T100 continuity test. 
3/31/2009 


Page 


X to Jan Moller K6FM for suggestion. 
Removed Rocky Test from USB Stage due to issues 
ith testing USB Control of Si570 before it was 
installed. 
X to Larry WB4HLX, Peter G3JRH, and others. 
oved R6 and R7 out of LO stage and put them in 
the USB COntrol stage to make pullup resistors 
available for USB testing. 
x to Jan GOBBL 
orrected expected pk-pk voltage on test of Si570 
output. Author's measurements were way off due to 
heapo scope and huge overshoot. 
Added warning not to try scope measurements 
ithout a good scope & probes & adult supervision. 
x to Van W1WCG for catching this 


hanged voltage tests to reflect Jan GOBBL's results, 
hee Added simple USB polling test using AM radio. 
witched FL2 and FL3 locations to agree with latest 
schematic 


41/04/2008 Paded 13 #0 main schemaiic from each stage's 
schematic section. 


Updated pages to reflect jew “onc: Goce Gesiagn on 
ontrol, 00 44/04/2008 |USB-2 and USB-3 leads, replacing original 1N5227B 
M, alues with BZY55s. 


{ 


{ 


scillator, US812/19/2008 


11/14/2008 


02 USB 
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hematic 
The J3 connector on the v9.0 board is actually two 
02 USB header pins and not the sockets shown in the photos. 
Control 10/20/2008) This oversight will be corrected in subsequent 


updates to the site's photos. 
Thanks to Tony Parks for catching this. 


xternal Posted completed and tested Fine! Sieas (External! 
ail 10/18/2008) °° Completed and tested Tina! Siac) na! 
Connections VCONNSCUONS BiG Tifa! SMIOKEIRA ies: pages. 


Added link to excéiisni sile wiin tuiorais on aii 
aspecis of soldering. 

Bame 10/18/2008 Thanks to Craig KB5UEJ for passing this on to this 
site. 


06 RX Mixers |10/17/2008 Bc completed and tested = 22 5 ee 


Corrected errorneous reference to R20 (should have 
05 RX 40/16/2008 been R16) in test of R15/R16 voitace divider. 
OpAmps Thanks to Serge RW3ACQ whose eagle-eye cought 
the error. 
40/16/2008 Posted completed and tested Siage 5 (Rx 
OpAmps Operaiionai Amplifiers} pages. 
04 Dividers 10/16/2008 Ripe completed and tested ='ece 4 (UO wvcers) 
03 Local 40/15/2008 Posted completed and tested “‘2c* 3 (sce! 
Oscillator 50. 25°, pages. 
02 USB 40/15/2008 Posted completed and tested = s06¢ 4 (G55 Conia) 
Control pages. 
Suppl supniv) pages. 


Modified schematics and BOMs to reflect changes 
between 9/24 and 10/2 and 10/8 versions. 
TEs Modified Terse build notes to reflect changes on 10/8 


sheet 3 


Added caveat on testing sections of stage build 
pages: 
"This testing section if tentative and the values shown 
9/29/2008 should be taken with a grain of salt, as the author has 
OpAmp, Mixer not yet progressed a build of the V9.0 kit through this 


stage. When the testing section is validated by the 
author's build experience, this note will be removed 
and the change will be noted on the revisions page". 
Added links to datasheets for and orientation pictures 
Added clickable links to the schematics. 
Multiple 9/26/2008 je.g., can click on "To Dividers" link on the LO page's 
Stage schematic and link over to the Dividers page. 
Updated theory of operation and summary build 
instructions; annotated sub-schematics 


Multiple 9/26/2008 
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e Filled in most pages with enough detail to get 
started. 


e Have not yet received Beta kit so have not 
incorporated build experience yet. 


e Most tests are from V8.3 RX. 
e USB tests haven't been vetted yet. 


9/26/2008 


e Still have to do connection page and page on full 
Software setup. 
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Theory of Operation 
This stage provides the control interface between the hardware SDR and a PC that is running the 


appropriate SDR software which can provide m (Inter Integrated Circuit) bidirectional control signals 
over a USB connection. There are two lines in the I2C bus: the clock (SCL) and the date (SDA). For a 


more in-depth discussion of the He protocol, see the formal Soecicatan, 


The heart of the control circuit is U3, an 4) nyoo-20- 8 oe Av Vicrocentroler (caution! the pdf for 
this device is over 4MB). The unit is powered off of the PC's USB 5 Vdc bus and provides a 6 bit 
bi-directional 1/O port. It draws less than 10mA. The two zeners are to protect the PC USB port, not 
the AVR chip, as that runs off a 5V supply. They are there with R1 and R3 to limit the USB signals to 
the PC to nominal level of 3.6v maximum. 


R6 and R7 are pullup resistors that keep the control pins (SCL and SDA) of the Si570 at 3.3V. The 
AVR pulses them low when it communicates. 


U3 uses and comes pre-loaded with the Firmware by Fred PEOFKO to perform the following functions: 


e Accept control signals via the pins 2 and 3 of the Universal Serial Bus (USB) wo 


e Translate input signals into I7C control signals (bi-directional SDA and input-only SCL lines) | 
for the Si570 programmable Oscillator 


e Translate output me signals from the Si570 back to USB signals to the PC 


e Translate incoming bandswitching commands into appropriate signals to J3 (for control of the 
new HF-SPF board 


e Future: sew firmware for US is being developed to implement automatic band switching of 
the new HF-BPF switchable BPF 
Update 
Several builders have experienced issues with the voltages on the USB-2 and USB-3 lines and diodes 
D2 and D3. Following a long series of messages on ihe Sofirock Yahoo Group, Jan GOBBL and Tony 
KB9YIG have decided to address the issue as follows: 
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e Each new kit will be packed with two each of the BZY55 3.3 volt and 3.6 volt zener diodes in 
place of the two 1N5227B zener diodes for the D2 and D3 locations. 


e Builders are advised to try the 3.6 volts BZY55 zener pair for D2 and D3 first, (marked on the 
glass body with 3V6), and if they still have USB communications reliability problems then go 
to the 3.3 volt BZY55 zener pair. 


e Problems recognizing USB: Nico ZS1KT reports that a commonly experienced problem, 
where builders have completed their rigs and they have been working and then suddenly the 
USB device is no longer recognized, was due to poor solder joint(s) on the socket for the 
AVR (ATTinyxx) chip. In his case, the ground pin (4) was not weli-soldered and the chip could 
not see a good ground. This often happens because builders are using the same heat setting 
they use on the sensitive SMT parts. This turns out in many cases to be insufficient to 
provide a good, permanent solded joint onto the ground plane. 


[Schematic | 


This is a subset of the overall schematic. Note: red dot indicates resistor testpoints (hairpin, top, or 
left-hand lead) 


__ | End view of USB 
| Type A plug 


USB INPUT 


or +5 VOC 
[ LI a B - s 5 5 


RE It eo 4] 


ae 4 mare RPA pre yf Pie Seed 
NT TT (GDA) eo a 


TOLO_ 


DesignationValue \Color/CodeOrientation |Category|Notes 
j 1206 _kstrip 
ae a A i 
1206 _ strip 
08 MT black marked 
1206 strip 
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L1 ferrite filter 


A 


ferrite filter 
FL3 ferrite filter Nea estie ( 
FL4 ferrite filter ene 
FLS ferrite filter 


N5227B,3.6v| 
N5227B,3.6v| 


Re do not use 


SN ae ela) ue he be do not use 

ais See "Update" 
Use this. See 
"Update" note in 
Introduction 
Section, above. 


2 BZY55,3.3v 


3 BZY55,3.3v 


Introduction 
Section, above. 


N 


BZY55,3.6v 


note in 
Introduction 
Section, above. 
See "Update" 

note in 

Use this. See 

"Update" note in 
Introduction 
Section, above. 
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cable1 USB USB male on 1 
end 


| ummary Build Notes 
e Install Zener diodes D2 and D3 (top) 
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e Install resistors and C5 ceramic cap (top) 
a ' Install U2 and socket (top) 


e = Install J3 (top) 
e Install and connect USB cable (top) 


e fact tra Stans 
oe Sea Sa 


e Install SMT capacitors and ferrite filters (bottom) 


Detailed Build Notes 


In other stages, we prefer to begin with the bottom side of the board. However, in this stage, the 
thru-holes for the topside coponents are very close together and are just begging to get solder 
splashed into them if we were to install the SMT components first. Thus, in this stage, we have 
reversed the bottom-then-top sequence. 


Top of the Board 


Pane 


=¢: = OF RS 


install Zener Diodes 
Several builders have experienced issues with the voltages on the USB-2 and 
USB-3 lines. Jan GOBBL and Tony KBSYIG have decided to address the issue as 


°® Each new kit will be packed with two each of the BZY55 3.3 voit and 3.6 
volt zener diodes in place of the two 1N5227B zener diodes for the D2 and 


33 tacatinne 


¢ Builders are advised to try the 3.6 volts BZY55 zener pair for D2 and D3 
first, (marked on the alass body with 3V6). and tf they still have USB 
communications reliability problems then go to the 3.3 volt BZY55 zener 
pair. 
The two zener diodes are mounted hairpin style, with the cathode (banded) lead 
forming the hairpin. 
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Designation|Value \Color/CodelOrientation(Category|Notes 


Use this. 
see 
“Update” 
2 BZY55,3.6 note in 
ntroduction 
Section, 
above. 


Use this. 
ee 
"Update" 
D3 BZY55,3.6 S-N note in 
ntroduction 
Section, 
above. 


install Resistors and ceramic capacitor C5 
Note: 1/6VV resistors are used due te the tight spacing of the resistors on the 
board. 


Designation Value IColor/Code |Orientation |Category Notes 
SN 


install the socket for U2. ‘Note the orientation on the notch. which should face 
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escthward on the hoard 


install J3 

J3 is reserved fer a future use to provide control signals to the new HF_BPF 
{electronically switched bandpass fiters) kit. Note: Ji through J3 all mount on top 
of the circuit board with the short pins through the beard fer soldering the 
connector in place. 

Designation Value _ \Color/Code Orientation [Category Notes 


install USB Cable 

Solder a piece of hockup wire te the cable's shielding {see vellow lead in phete 
below) to serve as a strain-relief for the cabie. Soider the strain-relief into the hole 
between leade 2? anc 3. 

Solder the USB cable leads in the order of red, white, green, and black to holes 
marked, respectively, 1. 2.3, and 4 

After soldering, carefully check (with good lighting and magnification) to ensure: 


* you have not accidentally switched the wires from the sequence shown 
abeve fred. white. yellow. areen, black 


e you have no soider bridges on any of the connections or across to either 


of the two zener diodes, 


Designation\ValuelColor/CodeOrientation._ |Category|Notes 


End view of USE 


Fupe 4 olug 4 wire 
shielded 
a ee USB cable 
able’ USB . ith USB 
2 = S ale on 1 
g§ 23 ond. 
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Bottom of the Board 


install SMT Ferrite Filters 


Designation \Value \Color/Code [Orientation [Category [Notes 
ferrite filter |grey SMT 1206 


FL2___fferritefilter|grey (| _—~—_—~«iSMT-1206 
FL3____sifferrite filter|grey | [SMT 1206 
FL4__—siferritefilterigrey | SMT 1206 


Piug in U2 


Note orientation < in 1 is desianated by the dimnle/dot (see below} 
Designation|Value IColor/CodeOrientation ICategory|Notes 


a em 3 
= 2 Sor 
& 
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U2 ATTiny45-20PU. 


Completed Stage | 


Topside 
(Note: resistors R6 and R7 not shown below - see completed topside picture of next (LO) stage) 
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Resistances 


Test Setup 
Make sure the USB cable is NOT connected to the PC 
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Test Measurements 


Testpoint PORTA: Author's Yours 
Value 


R5 hairpin to starts ~34 MOQ (increasing 
ground 0 ©) 


R5 hairpin to 


R5 hairpin to 
USB-3 


iw 


Voltages 
Test Setup 
If the resistance tests are successful, plug in the USB cable to the PC USB port and test 
the voltages 

Voltage Test Measurements 

(actual values may be +/- 10% of nominal values) 

Testpoint [Nominal Value [Author's Yours 


5 hairpin (U2-8) toground [5Vdce  —*4.96 Vde 


R1 hairpin (U2-5) to ground {60-100 mVde [96 mVdc | __ 


R3 hairpin (U2-7) to ground = j2.5-3.0 Vdc 


USB Polling - Courtesy of JAN GOBBL 

Test Setup 

Plug in the USB cable to the PC USB port 

Test 

The USB polling can be checked. Connect a short piece of wire to R3 hairpin and an 
audio tone should be audible as a S9 Plus signal on a RX in AM Mode tuned to about 
1100 KHz in the AM Band (Medium Wave Broadcast band) 

Test End 

Unplug the USB cable from the PC 


R Chip Configuration 
all the USB driver software on your PC 


) page (hint: do a "Find" on "Installing the PC driver software" to get to the link to the latest PC 
er zip file). 

vnioad the zip file and extract the it to a temporary directory (on the Desktop). Then, plug in 
device and it will show "Found new hardware DG8SAQ-i2C". Direct Windows' driver 

allation wizard to the directory where the software was temporarily stored and finish installing 
river ed Fko, uk/CRESR/ 
figure the AVR Chip 
3 step involves downloading an executable program and an associated DLL and running the 
jram to configure the AVR chip to your desired settings. 


e Download the following from ~rec's Ci GSR wed page into the directory of your choice 
(hint: do a "Find" on "Download"): 


o Fred PEOQFKO's Configuration Tool Program: CFGR.EXE 
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© Softrock DLL(to handle the protocol and the USB interface): SRDLL.dll 
e Run the CFGR.exe program and follow the si uciens on “ord a 
. cA cel y- dh 
Functional Test Setup \ | eae hd 


The functional testing of this kit assumes you will be using the Rocky SDR program to 
control your Local Oscillator and set your center frequencies. 


The following steps outline how to set up Rocky for this (and later) tests: 
e Download “oc. “= 5 and install it 


e Run Rocky and enable the Si570 support in Rocky by ticking the "Use 
Si570-USB" check box in the Settings/DSP dialog. Do not change the "address" 
and "divider" settings. 


Og ae er ears eR ei ub 


fea] E Settings 


i dudio DSP | Operator | il 


Local ascillarar F 
 Multt-B and 

; 
Single Band 


=m rw 


Re Se aes 
13525000 +! He 
(te al He 
i nomad 


e Inthe In the "Hz" fiield, type in 7046000 to set Rocy's default center frequency 
to 7.046 MHz. 


e Set up Rocky for RX=only: 
o ClickonView/Settings and the "Audio" tab 
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ARE ams IAS 


Audio (DSP | Operator! GUI | Transmit | 


IQ Input Device 


(02 AVerMedia S¥veT¥ Audio Capture [AF2) 


2 channels 16 bits 32.000..48.000 kHz 


Sampling Rate Channels 
© g8KHz © Left/Right =1 7/0 
fe 96 KH2z fe Left/Right =G /| 


Shitt Right Channel Data by 


thy pani ry ivr tient. baths tibet nola binieitorios ee Sine entblrdhrtn celle es saab ee ts arnt eases marl times 
veSoiRe oa Barer Tet NSTI PAAR ALE TS TOM OT ToTAD PRE er PRETEEN AMES He MEET NICE IE” SSH aT 


Re 0S, Tx: 0 wd samples 
c i 
Audia Output Device i 
FO Reaitek 4097 Audic i i 
8S channels $..32 bits 0.100..192.000 kHz | 
Lluis seine Tay «pM ave Leta WE See e el aR ez Ie Se PRON Ee | 
ok Cancel {t 
Pireack a Laie ats 
© Select the "I/Q Input Device" to be the your on-board sound 
card 
o Select the "Audio Output Device" to be your on-board sound 
card 
o Click onthe "Transmit" tab 
1/2 Output 0 evice 
‘Ol ealtek SCS? Sudia aa 
o Clearthe "Transmitter Enable" checkbox to disable transmit 


mode 


The PC is now set up to use Rocky to control the Si570 Local Oscillator. 
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8 USB CONTROL of the SI570 (Used 2009 on) Current 
version, Fred PEOF KO's version of the USB controller see below. 


Another of Robby's pages, all models, USB driver installation and testing. 
September 2010 If this 
does not help, look below. 


Sept 2010 Installing the driver. 


Andl/or:- Driver Installation go to 
at the bottom it describes the basic driver installation. Get this 


from Load drivers:- Unpack the 
drivers into a folder on your computer. Insert USB plug and direct the "Wizard" to the 


S1570_firmware folder. Then the drivers are installed. If you miss this and the driver 


does not get installed go to "Device Manager", find the "Unknown USB Device" 
and "Update the Driver" , directing it to the folder. Occasionally it may be necessary to 
find and delete the drivers. In XP they are at C:\Windows\System32\libus0.sys and 
libus0.dll, one of these in the "Drivers" folder. 


Windows-7 64bits July 2010 "The open-source group LibUSB-Win32 released 
the new and SIGNED version of the libusb0.sys library. Because it is signed it will also 


install on Windows-7 64bits. I did build a new driver install package and tested it on 
-Windows-XP and Windows-7 64bits. Also changed the web-page to describe the 
installation process on Windows-7. 

With thanks to the LibUSB-Win32 group and Pete Batard 
(who is the developer of libusb-1.0) for contributing the certificate!-- 73, Fred PEOFKO" 


There was a small problem in the package when installing on Windows- Vista. Its is 
now solved, and I hope SoftRock will now work on the many Windows versions 
available. URL 


Once you have the USB driver installed and got the interface correctly recognised by the 
PC, the firmware default state is to support the v9.0 and Ensemble RXs and switched BPF 
filter module, so no changes are necessary. BUT for RX/TXs CFGSR must be used to 

_ disable the Auto BPF feature. 

_If you need to make any changes or just want some more information about using the 

| firmware, take a read of the 'Firmware Users Guide' and hopefully that should provide 
Some guidance. You can download the user guide from Fred PEOFKO's website: 
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February 2011 Version 2.3 There is now a new stand alone configuration program called 
'CFGSR' which you can download from: 

with automatic installer and new guide detailing all the functions. Use with care but note 
any mistake can be remedied by a reset of the Si570 or the AVR. 


RX/TX with USB AVR:- CFGSR, see above, is required to configure the device to 
enable CW TX. ABPF is for RX only and must be disabled. 


(8) Calibration:-Setting $1570 frequency calibration. My page 
based on 
Bob's advice, note this will make it correct for all software. Bob's method is easy. 
In Europe RWM on 4.996, 9.996, 
& 14.996MHz is often good. Wait for the plain carrier which runs periodically for 8 
minutes starting on the hour and half hour. Many of the major broadcasters have 
excellent accuracy BUT MANY OTHERS DO NOT!!! 


June 2010 Only for those that want special BPF selection:- There is a small bug 
in the firmware V15.12, that is in use for some 8 month's now, for that reason there is a 
new version V15.13 of the firmware available on my website 

. The bug is in the filter selection, if there is a other sequence needed 
than the normal increasing (0,1 2,3) one. In most of the Softrocks that will not be a 
problem, only for the people that will experiment with different filter settings. -- 73, Fred 
PEOFKO For programming or replacement see bottom of this section 8. 


How to setup the USB AVR firmware for the LF Ensemble 
this also partly applies to the v9 with LF adaptor. 


Bob has all the information! For Bob, 
G8VOI's, documentation:- PEOFKO SoftRock AVR Firmware User Guide Issue . Version 
9.0 VHF converters and firmware set-up . 


(8) Fred's CFGSR is able to save your favourite start frequency. If you feed power from 
the Softrock 5V then USB does not need to be connected for the Si570 to be started at 
this frequency. When the USB is connected it works normally. I use this feature for my 
Softrock monitoring RXs, set to an exact frequency then save it. 


A problem with the USB connection developed with my system. 
Answer - USB mouse! 


Bob's explanation of the 
| differences, and history, of the firmwares used in the ATTiny AVR. Comparisons with 
Fred's AVR supplied by Tony with the Softrock and the SDR Kit's AVR. Basically the 
| advice is to use Fred's firmware for a Softrock. The early AVR supplied with the 
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Softrock will work but is best replaced. 


Compatability with SDR KITS controller and early AVRs:- "First there was the DG8SAQ 
firmware V1.4 then the PEOFKO firmware V15.x upward compatible with V1.4 then 
came SDR-Kits firmware V2.x *not* upward compatible with V15.x. -- 73, Fred PEOFKO" 
So the later SDR kits controller may give problems when trying to use with some 
software. Jan. 2010. 


Getting anew AVR 
(8) 


TESTING This message from Bob removes some confusion Re: V 9.0 Rx LO Stage 
(and all USB Softrocks) Test. 


A Beginners Guide to Programming the Atmel ATtiny . Note Fred's latest V12 
onwards only fits on the ATTiny85 but you may find V11 will suit your purpose. 
If you do not want to reprogram older AVRs then Cecil will supply the AVRs with the 
software installed, just make sure he knows what you want. 

CPUILogic 


Make sure that you have the 'ABPF' option selected in the firmware by using the set up 
screens in Winrad or the new (Sept 09) configuration utility. In PSDR-IQ v1.12.20, 
under the 'General' set up 'USB' tab, make sure you have both 'USBtolI2C adapter' and 
"HF bpf' boxes ticked and applied. I have had the program clear one of these very 
occasionally for no obvious reason. It's worth updating your firmware up to the latest 
v15.10 as that will give you full bpf switching with Rocky v3.6 as well. Do not fit the 
‘manual’ bpf selection jumpers with the lead still connected to J3 otherwise you might 
risk damaging the AVR chip as you could be shorting the output pins to OV if they 
were high to start with. 73, Bob G8VOI 


(8) 
Installing the USB driver in VMware. 


Switched BPFs Using the USB AVR chip.Note:- This is old info, the latest AVR is 
different. 


As always I recommend keeping with Tony's kit until you know what the alternatives are. 
"There seems to be a lot of confusion and spurious information being given out regarding the 
v9.0 receiver and auto band switching! Advice being given out on this, and other related 
groups could be making people buy additional hardware that is not required. It is NOT 
necessary to replace the original AVR (Early 2009) chip supplied with the v9.0 kit to have 
control of the band switching with the following: Winrad using Fred PE] FKO's dil file, this 
works fine WITHOUT needing to change the AVR chip. PowerSDR using the dl! from: http:// 


bosalqat teed’ tud Az0w me 


a caw qual? feu)” 2A A pe pun wailowines ZT aa? iw a 
voit BAY dliw oiditeqmos brewgu 7.61 V Re crit OIE ott no 
"CV WAGAT bev EN = 2 UN siiig siditaqugos Inmags Pont +. OF sone str ae 


o¢noe siiw sau of guigy sod analdorg avig yet solferido2 elta coe br 
S108 


WA inna 


me 


gunie O1 28 6.0 ¥ 295) noiewino omioe e9VORIND do asont og neeann sited 
tesT (zitoored & 


qv loadA sit gnimuqargov 8} Shand erat 


SEY vastnl e het’ ste 
Seoepusy, “arog, Vara ee LAY Sa) gona woud Gaui TTA ost 9 ay 


oth dite VA Set viqase Ili lisa markt BY 4 qblo mergo1ga: oF new ae 
ine U04 jodve awordl ail yiue oisin jeol bolietean® 


sg oO . 


qu tae of} yoiens yd steve re it gtd mi Haboalar noitgo TTA’ ot ead TOE 
OS21.t9 OLGGSS al ilies noi giioo (0 4qe) wan <i 30 Be 
bas ‘iatigabs Joined P died avei uot wus sige dst 'G@U' qu ge te 
qie7 ses) Po otto trols nargong of bad + si i .beilgas bas baloi? 2 
saadal oct? 0 qu ssw wo gaitahgu ito 2 9} coves? avoids on vot A 
gli i ton oG ow 26 0.07 1 A008 dite gaidsiive Iqdlim sogavig iw ald 
tiyien soy sviwisslte C7, of barsonnos tite baal ods diiw eg cr nota 
yor ti V9 of aniq tage off} gaiiod: od bivos 107 28 gis TVA seta 
1OV¥BO doi cv Ane rsuteo 


7. 


raw MV it vovith 92U gall 


AY A seotal ods .otst blo a aid? -:930¥i isla WV A BAS sh aaah we 2 ." 


| aan a oft taiw word voy {ian il 2 ‘yaoT iw cuiqood basmnmooend 
sii? gnitags: two asvig gaisd aowsrmotai cuonnge brs noiauinos to fol a ve ) eee 
ba Ls Tonio bas ,2iit ao.mo.covig goiod saivbA lpnirotiwe ‘bred on 29 
. Tonan peg anes eae ba yud siqooq. yi 


OR eg ne teat HK) BAY A tem en 
peer 


212.254.198 33/bpf_usb/ (No longer there.) Both of the above work fine. The new AVR chip 
from SDR-kits and PEINNZ dil works fine with PowerSDR, (and also happens to work with 
Winrad using Fred's dll to provide band switching, but not the fine tune function). 
Unfortunately I do not have the facilities to program a chip with Fred's new firmware 

to try that out to compare with the above. As far 
as I know there are no simple solutions for using Rocky or KGKSDR and the auto bpf. Please 
note, I am not saying one or the other available AVR chip solutions is better or worse, each 
appear to provide enhanced facilities over the original one. Bob G8VOI" 


For the independent controller. At 

Look at the compatability note above. The later version may not work 
with SDR programs. This kit (November 2009) now has the option of a LVDS Si570 
going up to 915MHz. NOTE:- The early version is the same as Tony's USB controller. The 
drivers here are for early versions of Tony's USB AVR. Note:- The drivers only work with 
the version of PSDR linked on that site. The AVR is best replaced with the latest 
Softrock version and Fred's driver/dll. This controller may be interfaced to a Softrock 
without an Si570. Here you can download 
"SOFTWARE AND SCHEMATICS:" SI570_firmware.zip. Extract this to a convenient 
place. Click "Easy to use PC software" this gives you USB_Synth.zip. Extract the .exe. This 
enables one to set the frequency independent of an SDR program. (This sets the Si570 to any 
frequency within its range, try outside their specification, I have at least one of Tom's LVDSs 
that goes to 7OOMHz (or higher?) 
ALL THIS IS IN THE PDF At Click 
"SDR-Synthesizer Kit Documentation (PDF File)" about 3/4 way down the page, for "USB- 
Synthesizer Kit Instructions v10.PDF" and "USB Synthesizer Kit Update 1" for USB 
Synthesizer Kit Update 1.PDF 


For Tom, DG8SAQ's USB troubleshooting 
this includes a link to M$ usbview 


Included in the software is a USB test program. It will read the Si570 so its frequency could 
be set, then the registers read to be transferred to a PIC for specialist use. TOM WARNS, 
"DO NOT USE ANY OTHER BUTTONS ON SI570_USB_Test UNLESS YOU 
EXACTLY KNOW WHAT YOU ARE DOING. YOU MIGHT CORRUPT THE AVR 
EEPROM". See his PDF! 


Si570 Type:- It is recommended to use the CMOS with this kit, but if you have the 
LVDS it may be used with Softrocks. Look at 
The LVDS has slightly higher specifications 
but the difference may not be noticed. The more adventurous could use a receiver like 
the FIN1002. 
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Early 2009 Tony's add-on board to interface USB with the Si570 on his earlier kits. 

Construction and other information here:- 

This is likely to be the best way to control it, 

just plugging in where the PIC goes. As in many of these sort of additions the source is 
available for those who wish to develop further, or customise. NOW OT OF DATE! This 
board now comes with Fred's firmware AVR, not the SDR Kits version, see top of this 
section. This board did use the controller from SDR Kits so the DG8SAQ software above also 
worked with it. 

"The electrical connections to the PC from the v8.4 board involve only the 
soundcard line-in cable and the two data lines in the USB port connection. This results in only 
a single ground connection between the v8.4 board and the PC, the ground in the line-in cable. 
With only a single ground connection to the PC the center frequency noise is very low, 
however, the USB control of the Si570 seems to be good." 


Since then problems have been noted, Jan 2010 hopefully all is cured, I keep this here just in 
case it helps someone! | rectified a lack of control by connecting a 100nF between the two 
grounds, Tony has used some filtering in the v9.0 Lite. TONY IS REPLACING THE ZENER 
DIODES IN THIS UNIT, THEY SEEM RESPONSIBLE FOR INTERMITTENT 
OPERATION. See A further 
problem may be the result of the SCL I2C line not being pulled high. Many find powering the 
Softrock BEFORE inserting the USB solves this. Two solutions to this, pull the SCL line to 
the USB 5V rail with a 47K. Just this line needs pulling high. Or revised software for the 
ATTiny at Cecil can supply a chip with this 
new software, ask him:- 


Early 2009 NOW OUT OF DATE! Now Tony's Softrock v8.4 and later come with 

integrated USB control. This is the same unit, all the information required for the Softrock is 
on this site Look carefully, everything 

is there! This also applies to the add-on XTALL USB board for early Softrocks. June 2009 

Tony is now supplying Softrocks with Fred, PEOFKO's USB AVR firmware, see top of this 

section. Note this needs Fred's driver. 
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, Component Mounting Instructions http://www.wb5rvz.com/sdr/common/Common_Component_... 


This page provides guidance to the builder on common components encountered Introductionbuilding 
the Softrock series of SDR kits. Click on the links below for techniques/tips on: 


Resistors ash 


The resistors are mounted with one of five orientations. The first four are the "hairpin" style, where the 
body of the resistor is snugged up against the board at the location indicated by the silkscreened 
circle and the other lead is bent into a hairpin shape and inserted into the hole pointed to by the small 

_ line on the resistor's silkscreened circle. 


You can put a neat hairpin on a resistor lead by holding the resistor against a credit card and bending 
the lead over the top of the credit card and back down. In doing so, You want to keep the top of the 
hairpin as short as possible (e.g., no longer than 1/8"). See images below: 
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jon Component Mounting Instructions http://www.wb5rvz.com/sdr/common/Common_Component_... 


Hairpin resistor orientations are described in "to-from" terms, indicating the direction the hairpin is 
pointing in relation to the resistor's silkscreened circle. For example, “east west" means the resistor is 
mounted hairpin style with the hirpin lead to the west (left) of the body. 


The fifth resistor orientation is “flat" ("flat-h" being horizontal and “flat-v" being vertical, with respect to 
the top edge of the board). 


The pictures below illustrate these mounting techniques: 


East-West ("E-W'") 


est-East ("W-E") 
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n Component Mounting Instructions http://www.wbSrvz.com/sdr/common/Common_Component_... 


Orientation = 


North-South ("N-S") 


South-North ("S-N") 


Ceramic capacitor value codes are typically expressed as three digits where the first two digits are the 
significant figures of the capacitor value and the third digit indicates how many zeros to add to express 
the capacitor value in pF. Examples would be: 


* code 471 would indicate a 470 pF capacitor code 2 


¢ 20 would indicate a 22 pF capacitor. 
Ceramic Capacitor Value 


ie aryl " bdtalit 


5/27/09 3:19 PM 


ort! arg atiaib owl le on! svar atipib eetet an bee: 
aetiuxe of bbs o] zores yer worl eetsorbnt Tigi Due 


P £ hing ‘ tap es | i@ 
a boas iA ‘ 
- a i - 


fq we 


@ 


; , ee ly iene ~ 
ah ' 7 ‘ ; H 
jn, 4 fin? Me per, I 
oi ; # if » > 


(on 
oe. 


in Component Mounting Instructions http://www.wb5rvz.com/sdr/common/Common_Component_... 


leaded all 5 400,000 H + 3% 
6 7 Pepa aT yr J + 5% 
7 7 K + 10% 
Ses Hat b8woen tho oB-o oye SO.OTE AA A 20% 


9 9 , 0.1 re +80% / -20% 


Installing the Ceramic Capacitor 
e Lightly snug each capacitor as close to the board as the lead formation will allow. 


e Slightly spread the capacitor leads on the bottom side of the board and solder one lead to hold 
the capacitor in position. 


¢ Cut both leads flush to the bottom of the board and solder the second capacitor lead. 


ee ee ee 


Pie ad 


¢ 0.1 UF carrier strip (note black stripe j ) 
¢ 0.01 UF carrier strip (note: clear strip ) 


Most of the kits use both types. Do not get them mixed up! 

All SMT capacitor locations on Softrock kit boards are to be filled with 1206 size capacitors. You want 
to do your work on a cookie sheet or other “pan" with sides so, if you accidentally sneeze or otherwise 
launch" one of these tiny chips, you may still have a chance of retrieving it. 


Co w".t 
ay iy 


3 3 


Most SMT components are supplied on a "cut tape" carrier strip from a reel of parts. This tape is 
normally a paper or plastic backing with a clear plastic strip on top. Tony marks the 0.1 uF strip with a 
black stripe for identification. 


The way that works best for most builders is to somehow get a grip on the plastic strip and carefully 
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seperate from the main strip. This will leave the exposed parts sitting in indents in the backing. 
Sometimes rather than just get one or two, you can take off the entire plastic strip so it won't somehow 
knock the rest on the floor !! The real trick is getting the plastic strip started: you can use your exacto 
knife or even a probe tip jabbed in the plastic. Takie care to avoid having the natural “springiness" of 
the carrier strip act as a slingshot that could launch the loosened chips into the air 


installation procedure is as follows for each SMT 4 206 Capacitor 
e Add alittle solder to one pad and tack one end of a capacitor to a pad. 
e Reheat and position the capacitor with the tip of the soldering iron and a toothpick. 


e When the capacitor is properly positioned on its pads, solder the other end with enough solder to 
make a small fillet between the end of the capacitor and the pad. 


e <Reheat the first end of the capacitor and add a little solder, if necessary, to make a smail fillet at 
the tacked down end of the capacitor. 


e Excess solder may be removed with solder wick. 
Leonard KCOWOX has an excellent 


Another very good video on Youtube by Steve "Soldersmoke" Weber KD1JV is viewable below: 


These ICs are very sensitive and subject to being destroyed by electrostatic discharge. You must use 
common-sense, protective ESD precautions when handling or working with these chips, such as: 


* Avoid carpets in cool, dry areas. 
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n Component Mounting Instructions 


e Leave PC cards and memory modules in their anti-static packaging until ready to be installed. 


e Dissipate static electricity before handling any system components (PC cards, memory modules) 
by touching a grounded metal object, such as the recommended uncoated metal cookie sheet. 


e lf possible, use antistatic devices, such as wrist straps and antistatic mats (see Radio Shack's Set 
for $25 or the JameCo AntiStatic mat for $15)). 


e Always hold a PC card or memory module by its edges. Avoid touching the contacts and 
components on the ICs. 


e Before removing chips from insulator, put on the wrist strap connected to the ESD mat. All work 
with CMOS chips should be done with the wrist strap on. 


e Asan added precaution before first touching a chip, you should touch a finger to a grounded 
metal! surface. 


e fusing a DMM, its outside should be in contact with the ground of the ESD mat, and both leads 
shorted to this ground before use. 


- ep ¢ z ‘ , 2 
Pete eR TE CRTR FRR SR SS COPE ARS a ee 3 € Tete REAse rerEr gy © Tee tn aa ite Coe oe 
ins tia teks E s be © Ne MA tad BS Sie TRUER am Fee on OS 8 ¢ 1 1 ig Fo Gi 


e Orient the IC on its pads so that the pin 1 corner of the IC matches the small 1 (it also looks like a 
0) mark in the copper on the bottom side of the board. In general, pin 1 of an SOIC packaged IC 
is in the lower left corner of the package when the printing on the package top reads upright, from 
left to right. 


¢ Tack-solder one corner pin of an IC and reheat the tacked pin as necessary to line up the IC on 
its pads properly. 


¢ Check the orientation of the IC and the line up of the IC on its pads with magnification and good 
lighting. 


¢ Ifallis well, carefully solder the rest of the leads to their pads. 


¢ Carefully and closely inspect the pins to look for bridges caused by excessive solder or debris on 
or around the pads. 


¢ Use solder wick to remove any excess solder or solder bridges between IC pins. 


* Using high (3x or better) magnification, carefully check each pad and solder joint. 


Leonard KCOWOX has an excellent video on . The Sparkfun website also 
has some good video materials on S. 


The video below describes techniques for soldering SOIC 14 (and 16 and 8) SMDs 


5/27/09 3:19 PM 


http://www.wb5rvz.com/sdr/common/Common_Component_... 


ei sea et dort eibonvr Se wo 
Mie wncantstasenatooremes =>. Josido islem bebriveng © grit | 


2 our lb 962) efem oiisiaiine bie eqeie tehw an rious esoiveb ziisiains oe ,sidisaos 
(Ore 108 tern ofeleiinA oOemal att! 9 


ben 09 6 bloel a 
2 ert no 2ing 04 


on atosinos ort! eniriovot biowA aughe ati yd siubom yiomem 1 


how tA inet ea ert ot belsernos genia fetnw ert no fg yotole arti moti equio orivorran 
No gevia tenw eri ritiw enob ed blvore eqirio 20 uo 


ed notueoeg Dabo 
— 
siuorle sbietue efi .MMG @ § 
seu! soled brworg eint of E 


1 


bebrudig 6 ol =; 8 fovot blue uoy giro & gniriouol text snot 


bast riod bs jam G23 erit to Onwow ert ritw faeinoo mi ed bh 


1(TM2) yoots Host iuOM acelwe A764 VOT ewe (eee She reas ki! B voll 


fit 2roo! ois fi) f lisme erit eorioiarn + Dt aril Yo yernoo Ff nig ert tart? o@ ebsaa ati no Dl edit in heat 


| bepsitosa DIO ne Yo ft niq iatenay nt brsod ortt to abis mofttod ert me 1aqqn9 ent ri 


7 Jriphqu ebser gol egsiong ort no griining ort neriw speiosq erti to Tera Stel sowol @ nad 


Sale i 


no DI arti qu enil of rweeesoen @6 Hig baXom! eri? teeria? bre DI ns to fig WerMMoo ONO 198 
| gheqorq 


poop bhs noitsoiingsm riiw ebsg efi no St stil to qu enil ari? bows 5! ert to nolsinsno ott de ; 


bag tert! of eose! erit jo tag ert) vebioe vilvieso ,! 


9 ehdab 10 Tebloe eviezeoxa yd beaueo 2agbiid 10} ¥ool oO eriq ert k rvaqer. yiedolo brug: vi 
beg ert br 10 
hatch 


athg oe NSewied eenbind WHO? TO sobloe a2B0xe VNS SVOMmeat al soiw et ty 
Jnio| weblog bre beg ross posers vilubeme noitsoiingan (etted io xE) F ; d 


is Bledow mubheq? ont . no oablv tnalleoxs ne ear xOM oz 
re) no elsrietem oabiv bog 


Z0M@ (8 bns 8t bra) 6 D108 gnivabloe rt eeupinvive! eednoesb walls 


7 
ae 
“ 7 - ee 
i 3 J ‘ Re 4 
, oe hie uh Ls Ae 
> am oe 7 
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dentifying the toroids becomes simple once you figure out the coding. The toroids are designated 
ising the pattern "T-NN-M". The critical pieces are the "NN", representing the outside diameter of the 


donut" in hundredths of an inch, and the "M", representing the type of material used to make the core. 


lony uses the following toroids in his kits: 


» 130-2 (red) 
» 137-2 (red) 
» 725-2 (red) 
» 125-6 (yellow) 
»  T30-6 (yellow) 


foroids are used in single-winding coils and multi-winding transformers. In either case, the number of 
urns must be counted. Any pass through the center of the Toroid is counted as a "turn" (see below). 


‘he winding of a single-winding toroidal inductor is fairly straight-forward. Each pass through the 
enter counts as a turn. The windings should be spaced evenly around the circumfrence of the toroid, 
Jeally leaving about a 15 degree "wedge" between the beginning and ending of the winding. The 
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image below is of a 22 turn coil wound on a toroid. 


Occasionally, you may find that there is not enough room on the toroid to place all of the windings 
without having to go back and add a layer of winding. Tony Parks suggests that you overlap some 
turns as you put on windings around the circumference of the core so that all turns are on the core by 
the time you get back to the start end of the winding. This should have negligible effect on the coil's 
performance in the radio. 


Leonard, KCOWOxX, has an excellent (if large - 183 Mb!) of a 26 turn coil 
on a 1-37 core. While the turns andcore size in the video are not used in any of the Softrock kits, the 
technique is essentially the same. The actual process of winding the core begins at about 8.5 minutes 
into the video. 


Winding toroidal transformers usually involves 2 to 3 windings on the same core. The most common is 
a transformer with a single winding (primary or secondary) over which two "bifilar" windings are 
Superimposed (two secondaries or primaries). See the for good 
tips on how to wind a toroidal transformer. 


When you have finished winding, stripping, and tinning the toroidal transformer's windings, you will 
two leads for each winding. Each lead will come out on a different side of the toroid. For example, 

consider a three-winding transformer with one primary ("P") and two secondary windings ("S1" and 
"S2"). It will have a total of six leads, three on one side of the toroid and three on the opposite side: 


The two primary leads, "Pa" and "Pb" ("P" stands for primary; "a" is one side of the toroid, "b" is 
the opposite side) 2% 


The two leads for the 1st secondary winding, "S1a" and "S1b" ("S1" stands for the 1st secondary 
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Detailed Build Steps 


Install SMT cap 


Install C13 SMT 0.1 uF cap 


Take care to avoid solder “splashover” that could clog up the thru-holes 
above and to the right of C13 (see red dots in above graphic) 


| 2-Gnd 74 . 
SR Lite II 1 
(Combined) | 1 | 
PCB | | 
shunt wire = | 
Oo (cut-off 1 
_lead | 


See 
: ay Component : , } y 
Check | Designation (top/bottom) Orientation | Marking | Image ha’ 
SR Lite II | | | 
(Combined) | | leny 
PCB (top) | 
———_+—_________|_ 
(smt) 
0.1 uF 3 
white pads black Pare ia 
((bottom)) stripe | i t 


Install topside components 


Install C1 and C2 (the two blue capacitors), U1, and D1. Install D1 such 
that the cathode end (the end with the band) is facing up and forms a 
hairpin. The hairpin lead will go into the square thru-hole (refer to the 
Completed Stage, Topside picture below). 


See 
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3- Output g 


| 
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| 2- Gnd “1 -In 
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ee eas | 


4.7 uF 10% 


Check | Designation 


16V X7R RAD 
(top) 


| PPiahts £4 
4.7 uF 10% Lea 
oO C02 16V X7R RAD 475 pau “p 
| | (top) ‘ 


Install ground test loop 


ve ae, 


Using a short length of cut-off resistor or capacitor lead, fashion a short 
wire loop and solder it to the "ground" hole, such that the loop is 
available on the topside to provide a ground point for tests. 


Component 
(top/bottom) 
_ shunt wire | 
(cut-off lead) 

(top) 


Check | Designation Orientation | Marking | Image | Bai 


an) 


| 


| | 
| 
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Completed Photos 


Note: the completed pictures are of the 40m option, which the author 
built. Other band options (which the author did not build) will appear 
slightly different (especially the inductors, whose windings and cores 
will vary by band) for the band-specific components. 


View of Completed Topside 
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Visual Inspection 


Using very good lighting and magnification, carefully inspect the solder 
joints to identify bridges, cold joints, or poor contacts. 


Test Procedure 


Test for current draw in 2 ways: 


e Use a 12 volt power supply 

e In one test there is also a 1k resistor in the series "chain" as well. 

e in the second test, the setup is the same except that the current- 
limiting resistor is removed 


(measurements courtesy of Leonard KCOWOX) 


Potential issues: 


Test Table 


Se Test Units Nominal | Author's | Your 
2 Point Value Value Value 


he 1k | 
Limiting | mA 

resistor 
Without 
limiting | mA 


4.1 


4.4 
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Voltage Test 


Test Setup 


Once the current draw test is successfully passed: 


e Apply 12 Vdc (NO current limiting resistor) to the PWR + and - pads 
(upper right-hand corner of the board) 
e Measure the voltage with respect to ground at the testpoints below 


Se Test Units Nominal | Author's | Your 
‘ Point Value Value Value 
| R11 | | | | | 
| hairpin | | 
ive) (5 Vdc Vdc 5 | 4.93 | | 
point) | | | U4 
2 Peer de PAHs) [ita | | 
| (square | | 
tae 22) A ee Mee UD, SS fh, eset 
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dats , 


MHz fundamental frequency and first harmonmic, but allows 
20m signals centering around the third harmonic (14.0475) of 
the 4.6825 MHz LO output. 

e The result is that the mixer is dealing with signals in the 
passband, centering on 14.0475 MHz, as though the dividers 
were passing a fundamental frequency of 14.0475 to the 
mixer. BPFs are all that stop Softrocks from working on 
unwanted frequencies! 
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Board Bottom 
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Local Oscillator Bill of Materials 
( 20m band option) 


Check | Type Category | Component | Count | Marking 


Capacitor | Ceramic | 22 pF 5% 1 22J 
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Install SMT cap 
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See hints on installing SMT Caps. 


Component 
(top/bottom) 
0.01 uF 
((bottom)) 


| Check | Designation Orientation | Marking | Ima 


yellow pads 


Install Crystal 


See Band-specific Components chart for value. 


Mount the HC49 crystal mounting in the upper left corner of the 
board, mounting it vertically to the board. A small plated-through 
hole in the lower left corner of the crystal mounting position 
provides a place for a grounding wire to be soldered to the metal 
crystal case. The grounding wire also provides additional 
mechanical support for the crystal. 


Make sure the crystal is mounted slightly above the board. You 
can use a piece of cardboard or wire insulation between the 
bottom of the crystal and the board to get the desired standoff 
distance while mounting X1. 


Grounding 
Wire 


Component | 


(top/bottom) Orientation | Marking | Ima 


Check | Designation 
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18.73 MHz 
(top) 


Install transistors 


Mount the two transistors being careful to orient them according 
to the pattern in the silkscreen. 


Take care not to get 2N3904 and 2N3906 mixed 
up. Carefully check the last digit. 


Component 
(top/bottom) 


Check | Designation Orientation | Marking | Ima 


2N3904 NPN 
Transistor 


(top) 


2N3904 


2N3906 PNP 
transistor 


(top) 


2N3906 
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Install Resistors 


See hints on installing and orienting resistors 


Component 

(top/bottom) 
10 ohm 1/4W 
1% (top) blk-gld-br 


W-E 
10 k 1/4W 1% br-blk- 
Ee Nem ae 
ed 


Check | Designation 


Orientation | Marking 


10 k 1/4W 1% br-blk- 
(top) 


475 1/4W 1% 
R14 E-W -v-9rn-bl-br 
po fee few |yvermbtbr 
1k1/4W 1% N-S br-blk- 
(top) blk-br-br 
22.1k 1/4W 
anlited Paks 
475 1/4W 1% 
R17 E-W -v-orn-bl-br 
Pi op) LEM [vege 


Install Ceramic Capacitors 
see Band-specific Capacitors chart for value. 


See hints on identifying and installing Ceramic Capacitors. 
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Component 
(top/bottom) 


Check | Designation Orientation | Marking | Ima 


22 pF 5% 
(top) 


180 pF 5% 
(top) 


100 pF 5% 
(top) 


Go to Top of Page | 
Completed Photos 
Note: the completed pictures are of the 40m option, which the 
author built. Other band options (which the author did not build) 
will appear slightly different (especially the inductors, whose 


windings and cores will vary by band) for the band-specific 
components. 


View of Completed Topside 
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Testing 
Overview 
Visual Check 


Test Setup 


Using very good lighting and magnification, 
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carefully inspect the solder joints to identify 
bridges, cold joints, or poor contacts. 


Current Draw 


Test Setup 


e connect a 1k ohm resistor in series with the 
positive power lead 

e apply 12 Vdc and measure the current draw 
with the limiting resistor in place 

e remove the current limiting resistor 

e apply 12 Vdc and measure the current draw 
without the limiting resistor 


(measurements courtesy of Leonard KCOWOX) 


Test Measurements 


 Testpoint Units | sell Author's | Yours 
| oom Value 
With the 1k 
limiting resistor 
Without 
current limiting 
resistor 
Voltage Tests 
Test Setup 


e Power the board 
e Measure the testpoint voltages with respect 
to ground 
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Note that some of the voltages measured may 
have ac components, which, depending upon your 
DMM, may average in with the dc voltages to 
produce higher apparent dc voltages than theory 
would suggest. 


Author measured the dc voltage at R17 using a 
scope and got ~2.6 Vdc. Per Alan, G4ZFQ, This 
voltage (at R17) is not critical and can vary a lot, 
partly depending on the crystal. The important 
thing is that the LO's RF output is a good healthy 
signal and is detectable on an external RX (or 
counter or scope). 


Test Measurements 


LO Output Test 


Test Setup 


e You can use a ham receiver tuned to the 
appropriate crystal frequency. You should 
hear the LO's frequency. 

e Scope measurements may be taken IF you 
have a high quality, calibrated scope with 
correctly compensated probes 

e Note: 1/3 sub-harmonic sampling does 
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reverse the spectrum. Changing the audio 
cable connections to the SoftRock Lite circuit 
board from tip to ring and ring to tip will 
correct the reversed spectrum so that the 
SDR software works the same for the higher 
band receivers as with the lower band 
receivers. (See Cecil KSNWA‘a explanation of 
the sub-harmonic sampling in his message on 


the Yahoo Softrock group. 


Test Measurements 
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Seq Units 


Point Value Value Value 
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10 | Output" | MHz | 18.73 18.73 
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SoftRock Lite II for 455 kHz IF use 
‘2/21/09 


C10 1000pF 
C11 1000pF 
C12 180pF 


L1 38T of #30 on FT37-61 core (79uH) 


T1 31T of #30 on primary and 17T of #30 on each of the two secondary bifilar windings over the top of 
the primary on a T30-2 core (4:1uH on primary). 


\ee 


C3 1500pF 
C4 0.033uF 


Crystal X1 is 1.843 MHz for a QSD clock frequency at about 460kHz. 
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Local Oscillator Bill of Materials 
Detailed Bill of Materials 
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|Local Oscillator Summary Build Notes 


e = Install SMT cap 

e Install Crystal 

e Install Ceramic Capacitors 
e Install transistors 

e Install Resistors 


e test the Stage 


Local Oscillator Detailed Build Notes 
Bottom of the Board 


Install SMT cap 
See hints on installing SMT Caps. 
Install SMT cap photo 
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Top of the Board 


Install Crystal 
See Band-specific Components chart for value. 


Mount the HC49 crystal mounting in the upper left corner of the board, mounting it 
vertically to the board. A small plated-through hole in the lower left corner of the 
crystal mounting position provides a place for a grounding wire to be soldered to 
the metal crystal case. The grounding wire also provides additional mechanical 
support for the crystal. 


Make sure the crystal is mounted slightly above the board. You can use a piece of 
cardboard or wire insulation between the bottom of the crystal and the board to 
get the desired standoff distance while mounting X71. 

Grounding 


CheckDesignationComponent |Marking\Category(OrientationNotes 
X1 band-specific mi 


Install Ceramic Capacitors 


See Band-specific Capacitors chart for value. 
See hints on identifying and installing Ceramic Capacitors. 
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Install transistors 


Mount the two transistors being careful to orient them according to the pattern in 
the silkscreen. 


Take care not to get 2N3904 and 2N3906 mixed up. Carefully check 
the last digit. 
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Install Resistors 


See hints on installing and orienting resistors 
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Local Oscillator Completed Stage | | 


Top of the Board 


Bottom of the Board | 


Local Oscillator Testing } if 


Visual Check 
Test Setup 


Using very good lighting and magnification, carefully inspect the solder joints to identify 


bridges, cold joints, or poor contacts. 


Current Draw 
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MHz fundamental frequency and first harmonmic, but allows 
20m signals centering around the third harmonic (14.0475) of 
the 4.6825 MHz LO output. 

e The result is that the mixer is dealing with signals in the 
passband, centering on 14.0475 MHz, as though the dividers 
were passing a fundamental frequency of 14.0475 to the 
mixer. BPFs are all that stop Softrocks from working on 
unwanted frequencies! 
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Board Top 
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Board Bottom 


Go to Top of Page 


Local Oscillator Bill of Materials 
( 20m band option) 


Check | Type Category | Component | Count | Marking 


Oo Capacitor | Ceramic | 22 pF 5% 22J 
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Go to Top ot Page 
Detailed Build Steps 


Install SMT cap 
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See hints on installing SMT Caps. 


‘Component 
(top/bottom) 


0.01 uF (smt) no 
O C20 ((bottom)) yellow pads stripe 


Orientation | Marking 


Check | Designation 


Install Crystal 


See Band-spnecific Components chart for value. 


Mount the HC49 crystal mounting in the upper left corner of the 
board, mounting it vertically to the board. A small plated-through 
hole in the lower left corner of the crystal mounting position 
provides a place for a grounding wire to be soldered to the metal 
crystal case. The grounding wire also provides additional 
mechanical support for the crystal. 


Make sure the crystal is mounted slightly above the board. You 
can use a piece of cardboard or wire insulation between the 
bottom of the crystal and the board to get the desired standoff 
distance while mounting X1. 


Grounding 


Ee an r ‘~ 
Eye 1asSCbh IN 


Component 


Check | Designation (top/bottom) 


Orientation | Marking | Ima 
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18.73 MHz 
(top) 


Install transistors 


Mount the two transistors being careful to orient them according 
to the pattern in the silkscreen. 


Take care not to get 2N3904 and 2N3906 mixed 
up. Carefully check the last digit. 


Component 
(top/bottom) 


Check | Designation Orientation | Marking | Ima 


2N3904 NPN 
Transistor 


(top) 


2N3904 


2N3906 PNP 
transistor 


(top) 


2N3906 


11/5/13 12:11 PM 


s1oopjno ‘asoo’] pied UI jNO pal] UNI JauUsy IOOpINC 

aseley juoWeseg osnoy jo 

WeOI 901} ‘Spaye1oUs VsNoY epIsul ‘poyesD {jYstu ye daajs Sop oy} | [IM BOY 
apisInC spisuy ,owoY ae ojdoed usyM yday 9q SOP ot} [IM BOY 

ea oh a > aD): > GL OUIG) 

s1oopyno ‘asoo’T preA UI jNO pal], UNI JOUUdY JOOpINO sseIeH 

juoueseg osnoy JO WeOl se1J ‘poye1our) 

Qsnoy SpIsUl ‘payei {popuayeun spTYyM Jday aq SOp oY} [IM BOY A 


sJUsUIaSUBLIe oqlIOsap aseajd ‘sok JT ON SOK 

{JNO Sop 9y} MOTe 0} 2de]d UI s}UsWOSUeLIE 

dey NOs Op ‘aun JO SpoLied popusyxe JOJ popusyeun aq [[IM GSH sNOA FT 
sInoy Z] UBY} BIO SINOY Z]-8 

sMoy g-p SsiNoY f-9 Zpepusneun oq GSH INOA [IM Aep Jod smnoy Auewl MOY 


AM pure sjoafgo pjoyssnoy oy) UI OYA ‘OU JT 
ON S92X ASD ® JUeM pjoyasnoy oy} UI DUOAIOAD S90 


ON SOX 
LCSD ®B SUIUMO Jo SUOD 2p sold OY} Passndsip sIoqUIOW Poyssnoy [[e Ae 
;30 
s0p 
dy} Jo Jayejyores Areurtid oy} oq [JIM OU AA {10} GSD oy} SI OUM, 
:GS9 padopy a4, 


uoneodde. sty} Yj dsva] mod Jo Adod & pus jsnu NOX 


Jaquiny] su0yg 

:UIVU S[PAO[pPUe’T 9plAoid usar NOA JT, 
ON SOX 
450p NOK 10} JUDWIUOIIAUD OINDeS puke Jes B apIAOId 
0} Jopio ul pred JO OWOY INOA 0} SJUSUTSAOIAUIT SYVUI 0} SUTTTIM NOK ay 
ON SOX Z{syeorueyo 

Jo ‘sjuejd ‘syaafgo ON SOA 
SnoJosuep JO} preA/owoy ipred 
Ino payoayo nok savy «NO 0} ssaddv aAvyY SIasUeNS JO USIP]IYS oq 
yooys Asng uaipylyD eat dais, Sates | can ke 


$80 IO SSOP BSOOT 62[GeIIeAe SI 1O};OYS JeYM ‘OU FT 

SJB JO SSOP SULIOQYSION ON SOX Loseies 
i (Ajdde JO ISNOY SY} 0} ssadde d19Y} SI ‘S9A J] 

yey} [Je YOoyd) suonoensip ON SOX 


opisino Aue oJoy} ary = 4 JOUUY Jo uns Sop apisyno ue savy Nok og 


:syeoiq Ayjod pure osiojoxo oypuey 
Ajases [[IM nox Moy aquosap aseajd ‘psek paouay & dAvy JOU Op NOA JT 


329) a 
IYSIOH IU JIIO IIGISIAUT ON S92 {poindes ood ay} si ‘sak Jy 
Ad’ALg UIT ureys ON SOX [00d B davy NOK Og 
{90Ua} JO adAq yey ‘Sok JT ea ae. ee 
ON S92 {poousy pred INOK sy] {pred Jo ozis ayeurrxoiddy 
DOUSPISOY JUDY». 
QoUSpIsoYy UMO {NOK OG OWOH IIQGo| JUSWHAed y OpuoD ssnoyy 


SUONVULIOJUT IDUapPISoy 


Install Resistors 


See hints on installino and orienting resistors 


Ins 


See 


See 


Component 
(top/bottom) 


10 k 1/4W 1% 
A |e 10k 1/4W 1% | br-blk- 


22.1k 1/4W 
Pi we 475 1/4W 1% 
(top) 


tall Ceramic Capacitors 


Band-specific Capacitors chart for value. 


hints on identifying and installing Ceramic Canacitors. 
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Go to Top of Page 
Completed Photos 


Note: the completed pictures are of the 40m option, which the 
author built. Other band options (which the author did not build) 
will appear slightly different (especially the inductors, whose 
windings and cores will vary by band) for the band-specific 
components. 


View of Completed Topside 
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Testing 


Overview 


Visual Check 


Test Setup 


Using very good lighti ng and magnification, 
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carefully inspect the solder joints to identify 
bridges, cold joints, or poor contacts. 


Current Draw 
Test Setup 


e connect a 1k ohm resistor in series with the 
positive power lead 

e apply 12 Vdc and measure the current draw 
with the limiting resistor in place 

e remove the current limiting resistor 

e apply 12 Vdc and measure the current draw 
without the limiting resistor 


(measurements courtesy of Leonard KCOWOX) 


Test Measurements 


Testpoint Units aeaulits Author's | Yours 


Value 
With the 1k 
limiting resistor 
Without 
current limiting 
resistor \ 
Voltage Test <a oania ogg 
Oltage ests 
: $V ON [e \- 


Test Setup 


e Power the board 
e Measure the testpoint voltages with respect 
to ground 
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C6 


Note that some of the voltages measured may 
have ac components, which, depending upon your 
DMM, may average in with the dc voltages to 
produce higher apparent dc voltages than theory 
would suggest. 


Author measured the dc voltage at R17 using a 
scope and got ~2.6 Vdc. Per Alan, G4ZFQ, This 
voltage (at R17) is not critical and can vary a lot, 
partly depending on the crystal. The important 
thing is that the LO's RF output is a good healthy 
signal and is detectable on an external RX (or 
counter or scope). 


Test Measurements 


Nominal 


_ Testpoint Vile 


R11 hairpin 


hairpin 
R12 hairpin fi 
R17 hairpin 


LO Output Test 


Test Setup 


e You can use a ham receiver tuned to the 
appropriate crystal frequency. You should 
hear the LO's frequency. 

¢ Scope measurements may be taken IF you 
have a high quality, calibrated scope with 
correctly compensated probes 

e Note: 1/3 sub-harmonic sampling does 
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reverse the spectrum. Changing the audio 
cable connections to the SoftRock Lite circuit 
board from tip to ring and ring to tip will 
correct the reversed spectrum so that the 
SDR software works the same for the higher 
band receivers as with the lower band 
receivers. (See Cecil KSNWA’a explanation of 
the sub-harmonic sampling in his message on 
the Yahoo Softrock group. 


a2 © Qrvrc 


Rit 


Test Measurements 


Se Test Units Nominal | Author's | Your 
q Point Value Value Value 


“Lo 


10 | Output" | MHz | 18.73 18.73 
testpoint 
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Softrock Lite II Softrock Lite II: 
Divider 
Band: ~* 


Introduction 


General Info About the Stage 


This stage will actually involve installing the remainder of the 
bottom-side SMT capacitors. In addition to the remaining SMT capacitors, 
you will also install two of the three bottom-side ICs: 


e the Divider IC (U2), and 
e the Mixer IC wy) 


/ 
Normally, the Mixer chip (U3) would be addressed in a separate "Mixer" 
Stage. However, due to the close proximity of the pads for the two Ics, 
U2 and U3, Ati will install it in this “Dividers” Stage. 


"The tests for U3 will be postponed until the "\\iver’ Stace, 
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82 
analyzer which made the frequency domain ne seUeemens had an 
upper limit on its frequency synthesizer, a comparison of the 
calculated frequency response to the frequency domain network 
analyzer measurement was desired. The results of this 
comparison are plotted in Figs. 5-18 and 5-19. Figure 5-18 
is a frequency domain plot comparing the network analyzer 
measurement of |s,,| to the Fourier transformed time domain 
measurement of transmission. Figure 5-19 is a plot showing 
the similarity of the inverse Fourier transform of s.,,(w#) and 
the calculated impulse response from the time domain 


measurement of the cavity structure. These results show 


Network analyzer measurement of |s21| 
Fourier transform of time domain transmission 


Figure 5-18. Comparative plot between the frequency response 
from the analysis of the time domain measurement to the 
network analyzer measurement. 


RVZ - Softrock Lite II: Divider 
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Theory of Operation 


The dividers accept as input the output of the local 
oscillator and divide that down to two signals that are % the 
input frequency and in quadrature (90 ° out of phase with 
each other). 


U2 is wired as a divide-by-4 synchroneous divider, clocked 
by the output from the Local Oscillator. Synchroneous 
clocking means that all stages switch at the same time, 
potentially offering a reduction of noise generated during 
switching. 


The divider provides two LO outputs which clock Mixer, U3. 
Proper Operation of the Dividers may be monitored on a CW 
or SSB receiver tuned to Divider Output Frequency. 


Note 1: A beat note should be heard when the antenna lead 
connected to a CW or SSB Receiver - tuned to Divider 
Output Frequency, is held near U2 on the SR Lite II PCB. 


Note 2: All frequencies may be slightly below those stated 
in the table because of the loading capacitance is a little 
higher than specified for the nominal frequency of the 
Crystals supplied. 


Because the 20m band uses subharmonic-sampling, the 
divider output (i.e., the center frequency") will be 4 thirds 
of the fundamental frequency of 18.73 MHz , or 14.0475 
MHz. 


L Go to Top of Page | 


Stage Schematic 


11/9/13 1:54 PM 


81 


1°10 
sherion 


| wimpulse 


2°10 


Spectrum of the impulse. 
Spectrum of output waveform from impulse. 


Figure 5-16. Input spectrum to the cavity and the output 
spectrum from the cavity due to the input to the cavity. 


the frequency domain response was truncated at 28 GHz. The 
spectrum of 
the 
transmission 
|H(w)| for the 
cavity is 
plotted in 
Fig .Sr 17% 


Since the 


: P 
~~ Magnitude of output spectrum / input spectrum 


network Figure 5-17. Magnitude of impulse response 
of cavity structure from time domain data. 
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to find the transfer 


function of the cavity. 


This was performed by first 


analyzing the problem in 


the frequency domain and 


Figure 5-15. -General system 
parameters. 


then making the assumption 
that cavity network is a 
linear system. First, the spectrum of the time-domain input 
signal in Fig. 5-13 was calculated. Next the spectrum of the 
time-domain cavity response, Y(w), in Fig. 5-15 to the input 
was calculated. Examination of the system and signals in 
Fig. 5-15 leads to the following definitions: 

x(t)4 input signal 

y(t)4 output response due to excitation x(t) 


h(t) 4 system transfer function 


The time domain data was assumed to be zero when the 
measurement data had the same of the order of magnitude as 
the noise floor of the sampling scope. [17] The spectra of 
the input signal, X(w), and the output signal, Y(w),.are 
presented in Fig. 5-16. 


Using Parseval's Fourier transform relationship: 
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Divider Bill of Materials 
( 20m band option) 


Check } Type Category | Component | Count | Marking | Image 
2 X #4-40 
hdw (nut, 

O boardhdw | HDW bolt, 1 
washer, 
spacer) 


oO SMT 1206 | 0.01 u! 


TAAL TFTA 
FATA oF 


Dual D FF 


a 
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332910 © ©3.34910 ® ~—3.36*10 3.38910 © 
tiny 
~— PSPL impulse signal (Volts) vs. time 


Figure 5-13. Output waveform from the PSPL 5208 waveforming 
network (V) versus time (s). 


PSPI in 


psplcav 


0.2 <3 = =F 
3.26°10 3.28710 3.3°10 


~ PSPL impulse signal (Volts) vs. time 
Cavity response to PSPL impulse shifted 632 ps. 


Figure 5-14. Shifted cavity response (V) to the impulse of 
Fig. 5-13 versus time (s). 


response to the pulse of Fig. 5-13 is time shifted 632 .ps 
resulting in Fig. 5-14. The time shift of the cavity 
response in Fig. 5-14 allows the plot of both the pulse and 
cavity response to be conveniently displayed on one graph. 


To find the transmission of the cavity, it is necessary 


B5SRVZ - Softrock Lite I: Divider 


Detailed Build Steps 
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Install remainder of the SMT Capacitors 


We will use this stage to go ahead and install all of the remaining SMT 


bypass capacitors. 


See FIATSC AM tmetatiama LAAT £& SrAc 


The pads for the 0.1 uF capacitors are highlighted in white on the board 
shown above. These capacitors are in carrier strips marked with a black 


stripe. 


The yellow markings pertain to the 0.01 uF capacitors. 


Component 


Check | Designation (top/bottom) Orientation | Marking | Image 
| | 0.01 uF | | (smt) no 
| o C14 | ((bottom)) yellow pads | tans 
| 0.01 uF (smt) no 
ic C21 ((bottom)) yellow pads | Sree 
0.01 uF (smt) no | 
| O C15 ((bottom)) ae pads | sae j 
i 0.1 uF (smt) Bea 
Oo C16 ; | white aie black eee | 
((bottom)) | ear | | 
pe — i 


A 


Ai 


| ai 
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HP 54120B_ Digitizing 
| Plotter : Oscilloscope 


eae 
HP 4124A >. DC 


4. Channel: Te 


Fe Vilas 


| FO wo 


se elas 
| Pulse Generator 
o 


s oe 


ee ae vee cr 


Figure 5-12. Schematic for the time domain impulse response 
stretched wire measurement for a general DUT. 


Picosecond Pulse Lab (PSPL) 4015 pulse generator. The PSPL 
4015 produces a short rise-time step-function. The short 
step is fed into a matched passive waveforming network (PSPL 
5208) which functions as a differentiator. Since the input 
to the PSPL 5208 is a step function then the output of the 
PSPL 5208 is an impulse. A plot of the measured impulse is 
shown in Fig. 5-13. 

When the impulse from Fig. 5-13 is fed into the cavity 
of Fig. 5-9, the physical length of the structure causes the 


resulting waveform to be shifted in time. The cavity 
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(smt) | 
oO C17 rae white pads | black | ---"= é 
((bottom)) 
stripe 


0.1 uF ‘ 
C18 ((bottom)) white pads Z 
(smt) 
Oo C19 ri white pads | black ae | Z 
| | ((bottom)) | 
stripe es 


paces 


Install U2 ( (wai le Us ftref ( See F lr) 


Install 74AC74 (U2) on the SOIC-14 pads on the bottom side 
of the board. Take ESD precautions 


See hinte an inetailing CAAT ive 


Component 


Check | Designation (top/bottom) 


Install U3 
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a, 


—— Measured s21 
Calculated s21 


Figure 5-11. Plot of measured and calculated transmission S,, 
versus frequency (Hz). 


Capacitance from the series cavity impedance with the 
inductive coupling mechanism shown in Fig. 1-7. 
iii. Time Domain Measurements and Results 

The impulse response of the cavity structure in Fig. 5-9 
was measured using the experimental setup in Fig. 5-12.) A 
personal computer was used to record the measurement data 
from the HP 54120B 50 GHz sampling oscilloscope. Channel 1 
on the HP 4124A produces a train of long rise-time step-. 


functions at a low repetition rate (50 KHz) which trigger a 
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You should install the 16 pin Mixer chip (U3) BEFORE 
installing the 14 pin divider chip (U2), due to layout 
considerations which could complicate the soldering of the 
Ics. The mixer will be tested ina -*cr <s-5>, 


See AINTFe AN inerrilineg CAAT woe 


Component 
(top/bottom) 


| 
| 
| 
| 


At this point you may install the two mounting screws and their 
associated hardware. 


Check | Designation Orientation | Marking | Image 


A erates memes teonsnenstneseprnenepaeeanitiarwsspremuneuneeser 


Install Hardware 


Install them with the screw head on the topside, then the board, then 
the spacer, then the washer, and finally the nut. 


Check | Designation pa es Orientation | Marking | Image 
2 X #4-40 | 

C hdw1 hdw (nut, 
bolt, washer, | | 


SS Se SSSR ome Se SS SSS SSS i SSS rt SSS 
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i 
ETS TEE RAE EE EI SS SS eS =e REET Ee Sass =e i a SS | ae 


MEA Tite STO a aS oe 
Se. Se est aS ee 2 ee 
ES et, a ea 
ieee) Fe US ee 
Re Ja oe VT a 
WEG To Ta a a 

! 
eo Se Bs eee 
a ae TN 


ipequcey, 


~ Measured s1 1 
cr Calculated s11 


Figure 5-10. Plot of measured and calculated reflection 
versus frequency (Hz). The ripples in the measurement were 
caused by residual mismatches and discontinuities in the 
matching network. 


prediction and reflection again showed excellent 
correspondence. 

The TM,,,;,o resonant frequency for a coaxial cavity with 
inner and outer radii at 0.274 cm and 1.95 cm, respectively, 
is 8.6 GHz, whereas the TMo,i1,0 resonant frequency for a 
pillbox cavity of radius 1.95 cm is 5.88 GHz. The sharp 
decreases in transmission in the meaSurement of Fig. J-at 
corresponds therefore to the parallel resondiitd of the net 

\ 
\ 


\ 
i 
\ 
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Completed Photos 


Note: the completed pictures are of the 40m option, which the author 
built. Other band options (which the author did not build) will appear 
slightly different (especially the inductors, whose windings and cores 
will vary by band) for the band-specific components. 


View of Completed Topside 


View of Completed Underside 
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75 
t=1.33 ns in Fig. 5-8b are caused by a small machining 
imperfection between the tapered and straight sections on 
DOLL 
bw Pilkbox Cavity Measurement and Prediction 

After the reference data were collected, the reference 
line was disassembled and a single-cell pillbox cavity was 
carved into the housing. A drawing of the new geometry is 


depicted in Fig. 5-9. The frequency domain measurements of 


Figure 5-9. Reference line with a small pillbox cavity 
carved into the mid-section. 


|S;,| and |S,,| are shown in Figs. 5-10 and 5-11, respectively. 
A close correspondence is seen between the predicted and 
measured reflection and transmission. The periodic ripple 
observed in Fig. 5-7 is again observed in Fig. 5-10, but only 
for frequencies away from the sharp resonances depicted in 


the |S,,;| measurement in Fig. 5-11. The phase of the 
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Testing 


Overview 


Visual Check 


Test Setup 


Using very good lignting and magnincation, carefuiiy 
inspect the solder joints to identify bridees. cold joints 


<35 ¥. 
Fan Ba 
ee; = =| = =e =. = ee a> Bul %, Ts, 
= 


Current Draw 
Test Setup 


* connect a 100 ohm resistor in series with the 
positive power lead 


arrisg 4° VUdR an pt mamacira eho cise ranté ehremens taggin Sh, 
= CARL y ia VR, Gia Pies eS Cre Shae PGE Seay Y¥ ELIE LES 
limiting resistor in place 


x 


= 
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Analysis of Ultra-relativistic Charged Particle Beam 
and Stretched Wire Measurement Interactions 


with Cylindrically Symmetric Structures 


by 


C. E. Deibele 


A dissertation submitted in partial fulfillment 


of the requirements for the degree of 


Doctor of Philosophy 


(Electrical Engineering) 


at the 


UNIVERSITY OF WISCONSIN - MADISON 


1996 
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Test Measurements 


Testpoint Units hamipat Author's | Yours 
Value 
“With the 100 ohm | | | 
_ current-limiting ;}mA | < 20 | 18.0 | 
fpee bee cage Be magn 25  f IMBe 
BANDTENG TESISCOM ietcfh on of sel cet AR? 298 TOF BNO 


Voltage Tests 


Test Setup 


ZH opprox Bo SV baal 
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resonate with the electrical length of the tapered 


section. 


Tiny pieces of solder embedded in the connectors, poor 


solder joints, and structural anomalies were detected by 


calculating the inverse Fourier transform of the reflection 


coefficients. The 
inverse Fourier 
transforms of |S,,(o)| 
and |S.,(w)| are 
plotted in Figs. 5-8a 
and 5-8b to verify 
that the reflections 
from each port of the 
reference line is of 
the same magnitude. 
The two large peaks 
in the impulse 
response of Figs. 5- 
8a and 5-8b represent 
the reflections 
caused by mismatches 
from each connector. 
The small ripples at 
time t=0.33 ns in 


Fig. 5-8a and time 


110 ” 
tt 
—— Magnitude of the impulse response for s11 


Figure 5-8a. Magnitude of the impulse 
response for s,, versus time (s). The 
two sharp peaks are reflections caused 
by each connector. 


P 
~~ Magnitude of the impulse response for s22 


Figure 5-8b. Magnitude of the impulse 
response for s,, versus time (s).° 

Note the similarity in the magnitude 
of the reflections with Fig. 5-7a. 
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Test Measurements 


Testpoint Units Author's | Yours 
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Pin 8 ETL BT ae Cat a | 
_Pin9 i Vdc maa. 5 i A shlb da | 
prior ee” “Vdc | 5 Pap ade | ne oa 
Pin 11 [Vde | 3.5-45 | 4.1 | | 
HPin42053p # 3d Vie tle? Sbexecal 247) bas chee. 2 
Hl a PAT a Cy ay ea 
Pin 14 Wider 85 Paguentt | aT 


Divider Output 


Test Setup 


|:2 11/9/13 1:54 PM 


73 
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f 


—— sll of reference line. 


Figure 5-7. A plot of the log magnitude of the reflection 
coefficient (s,,) versus frequency (Hz). The periodic 
ripple is caused by mismatches between the SMA connectors 
in Fig. 5-4 and the tapered section of the reference line. 


° The two linear tapered matching sections are not the 
same physical length and each of these lengths produces 
resonances at slightly different frequencies. This may 
cause the measurement to appear "noisy" when in fact 
multiple resonances appear close together. 

° The tapered sections of the center conductor and the 
outer housing have radial geometrical differences. 
These include small angular differences in the tapered 
sections between the center conductor and housing as 
well as non-smooth enLouiacss between the tapered 


sections and straight sections. These reflections 
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‘ 


— 21 of reference line. 


Figure 5-6. Linear magnitude plot of S,, versus frequency 
(Hz). The periodic ripple is a result of a resonance caused 
by mismatches of the connectors with the physical length of 
the reference line in Fig. 5-5. : 


was performed with a 20-GHz HP 8510C network analyzer. 
Figure 5-6 is a linear scale plot of the magnitude of the 
transmission (S>,) for the reference line. This plot shows 
relatively good transmission for the entire bandwidth of the 
measurement, having a minimum transmission |S.,|=0.915 at 18 
GHz. The periodic ripple in the measurement is caused by a 
resonance between the physical length of the reference 
section and the dielectric mismatch at the interface between 
each connector and the tapered sections of the reference 
line. The ripple is easily observed in the measurement of 
reflection (S,,) depicted on a logarithmic scale in Fig. 5-7. 
In the frequency range of 8.5-15.5 GHz small "noise- 
like" resonances can be seen. Several phenomena cause these 


small resonances including: 
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Softrock Lite || Softrock Lite II: 
Operational Amplifiers 
Band: 20m 


Introduction 


General Info About the Stage 


Theory of Operation 


The low-level In-Phase (1) and Quadrature (Q) IF signals from the Mixer 
are sampled over capacitors C5 and C6 (in the Mixer stage), 


The opamps in this stage amplify the | and Q baseband signals by a 
factor of approximately 499, to compensate for the attenuation as a 
result of subharmonic quadrature sampling . 


Go to Top of Page 4 
a Se ene, 


Stage Schematic 
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Operational Amplifiers Bill of Materials 
( 20m band option) 


Check | Type Category | Component | Count Marking Image 


Oo Capacitor | Ceramic | 390 pF 5% 2 391 


: br-blk- 
jo | Resistor al * | blk-gld-br 


LT6231 
ESD!!! 


br-blk- Sa 
belay ‘Sa ae boeing br-gld me 

; br-blk- ¥ . 
aa Resistor 1/4W 1k 1/4W 1% hictee by itl 
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Detailed Build Steps 


Install OpAmp 
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Install the LT6231 operational amplifier to the bottomside of the board. 


Winte An inetallinag CMT Ife 
ee nints on installine § 5 
ee ee eo Oa 


e Orient U4 on its pads so that the pin 1 corner of the IC matches the small “1” (it 
also looks like a “0”) mark in the copper on the bottom side of the board. In 
general, pin 1 of an SOIC packaged IC is in the lower left corner of the package 
when the printing on the package top reads upright, from left to right. 

e Tack-solder one corner pin of U4 and reheat the tacked pin as necessary to line 
up U4 on its pads properly. 

e Double-check the orientation of U4 and the line up of the IC on its pads with 
magnification and good lighting. You do NOT want to install U4 oriented 
incorrectly. If all is well, carefully solder the rest of the leads to their pads. 


Component 
(top/bottom) 


Check | Designation Orientation | Marking 


LT6231 dual 
op-amp 
((bottom)) 


LT6231 
ESD!!! 


Install band-specific components 


Install the band-specific Capacitors and resistors. 


See hints on orienting and installine rec 
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See hinte an ideontifvina and inctalline Ceramic ranc 


Component 
(top/bottom) 


10 ohm 1/4W 
1% (top) Ane 
-W 


10 ohm 1/4W - 
1% (top) 


Install remaining components 


Check | Designation Orientation | Marking 


br-blk- | 
bikegtdebr | Saab | 20m 


br-blk- 


RO5 


et 
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Component 


Check | Designation (top/bottom) Orientation | Marking Image 
390 pF 5% 
C08 
(top) 
390 pF 5% 


4.7 uF 10% 
16V X7R RAD 
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Completed Photos 


Note: the completed pictures are of the 40m option, which the author built. Other 
band options (which the author did not build) will appear slightly different 
(especially the inductors, whose windings and cores will vary by band) for the 
band-specific components. 


View of Completed Topside 
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Testing 


Overview 
Warning 


Take appropriate ESD precautions in these tests, since you will be 
working around the sensitive OpAmp IC 


Visual Check 
Test Setup 
ws 
Using very good lighting and magnification, carefully inspect the 
solder joints to identify bridges, cold joints, or poor contacts. 
a, Pay especial attention to the joints on the OpAmp IC pins. If 
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necessary, touch up the joints with your iron and/or some flux. Wick 
uD any excess. 


Current Draw 
Test Setup 


e In each test, the ammeter must be placed in series between the 
positive lead of the power source and the board's positive 
power-in "+" terminal. 

e In one test there is also a 100 ohm resistor in the series "chain" 
as weil. 

e in the second test, the setup is the same except that the 
current-liminting resistor is removed 


Apply 12 Vdc to the board for this test 


Test Measurements 


Testpoint Units alelislicl Author's | Yours 
Value 


With 100 ohm current-limiting an 230 96.6 
resistor 


Without current limiting resistor 


Voltage Tests 


Test Setup 


Measure the voltages with respect to ground for each of the pins of U4. Tage care to 
measure at the actual IC pin rather than the pad, so as to ensure you are measuring 
the PIN voltage 


expected voltages are indicated in the table below: 


e 5 V (range of 4.5 - 5.4) 
e 2.5 V (approx 50% of the 5V rail value) 
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Test Measurements 


Testpoint 
Pi n1 


—_ me Value Author's Yours 


f 10 


Cite ee 


Functional Test 
Test Setup 


You will test the DC gain of each of the op-amps by connecting 
resistors Rp from each op-amp inverting input to circuit ground. 
Introducing the "bridging" resistor Rg will result in a test current 


equal to 2.5 / Rt which will be balanced by the current fed back from 
each op-amp’s output through each feedback resistor, Rr (i.e., R7 or 
R8). Each op-amp output will increase in voltage by 2.5 * Rr/ Rpg from 


the nominal DC level of 2.5 volts. 


The value of the "bridging" resistor (Rp) is 10 kO: 


e Test the First OpAmp 


Power up the circuit and measure the voitage at pin 1 of the 
op-amp (hairpin of R8). It should be ~2.5 Vdc 


e Power off and use clip leads to connect Rg between the hairpin 


of R6 and circuit ground. (This provides an input resistance(Rj) 
of 10 kON 

e Power up and measure the output voitage at the hairpin of the 
feedback resistor R8. You should get:, with Rp=10 kO and 
R8=4,.99 kQ: ~3.75 Vdc. 


e Remove Rg and the output voltage at R8 should go back to ~2.5 


Vde. 
° Test the Second OpAmp 


Power up the circuit and measure the voltage at pin 7 of the 
op-amp (hairpin of R7). It should be ~2.5 Yde 


e Power off and use clip leads to connect Rg between the hairpin 


of R5 and circuit ground. (This provides an input resistance(R;) 
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Testpoint Unit 
R7 (yellow “AME unbridged 


R8 (yellow “B") - unbridged yids 


R7 (yellow "A") bridging white "A" Vdc 3.75 3690 ete 
to ground 
R8 (yellow "B") bridging white "BY | yao | 3.75 3.69 
to ground 
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of 10 kO 

e Power up and measure the output voltage at the hairpin of the 
feedback resistor R7. You should get, with Rp=10 kO and 
R7=4.99 kO: ~3.75 Vdc. 

e Remove Rp and the output voltage at R7 should go back to ~2.5 
Vdc. 


The diagram below shows the test points. The yellow dots show the 
output voltage measurement points. The white points show the 
bridging resistor connection points (connect the bridging resistor Rp 
between the ground and a white point). To measure the voitage at 
yellow point "A", use white point "A" for the bridge; same with points 
se 


An Exce! spreadsheet with a caiculator for this test is available for 
you to plug in your bridging resistor ohms (Rt) and your pin 1 or pin 7 
normal voltages (Ebias) and predict the expected voltage when 
bridged (Eout). 


aj SoftRock; “iC 


Functional Test" 


Test Measurements 


- Nominal 


Ss Author's | Yours 
Value . 
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BS5RVZ - Softrock Lite II: Mixer http://www.wb5rvz.org/softrock_lite_ii/06_mix 


WB5RVZ.Org - Softrock Lite II Builder Notes 
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softrock Lite Il Softrock Lite II: 
Mixer 
Band: 


Introduction 


General Info About the Stage 


From the builder's standpoint, the Mixer stage consists solely of the 
installation of the input resistors (R1 and R2) and the integrating 
Capacitors, C5 and C6. The installation of the IC, U3, was performed in 


Miszidare C4 Fast 
the Dk rive . € fed 4 


Theory of Operation 


The RF input signal, filtered by the BPF is applied in 
antiphase to the inputs 1B and 2B of the Mixer U3. 


The two LO signals from the Divider Stage operate the 
switches which connect R1 to C5 and connects R2 to C6 
during the first clock cycle. 


When the LO Clock changes 90 degrees later, the 


12/21/13 1:51 PM 


maa aiipest: s os | ‘ ane ; r +. a ‘ oe 


$i t.) om eke ’ Y, 


go er a 


Ye saee BR ie 
aN 


&? | ihe: — ee i tai ; 


— ; | ihe cYvisad® HY | 
ar , ce ‘ 
ot sii Aaorsto2d i oid aaertted | 
7oxiM | _ 
‘bnek | 
‘noltoubowdal 
oe ee ie 4 
a9si? orl juodA. orat. jrered d 
aili Yo yising elziznos agas2 1OXxtM orl} intog inate evapiind oil owt iy wn 
‘gniteresini art bas (LA bas TA) nosatean Jugal set io nis 
_ om bemneineg zew .£U OI arid lo nolisileterh ont hes bns ie otis 
ea ares orbit. : 
: P Gee _ re 


ae “ivwst 2b Wajons yd: berauiit ili | 
i EU 19KIM 2cl3 Fo as iy ay aduge arohr aves 


ie. . as oe A piece: ae i j 
= ‘SBA Pa ae ve te Pe ae wy: oa 
y! ; Fo nh, tae! a : 


a wa a 
- 


IRVZ - Softrock Lite II: Mixer 


http://www.wbS5rvz.org/softrock_lite_ii/06_mix 


connections reverse: R1 now connects to C6 (Q) and R2 
connects to C5 (I). 


This switching sequence then repeats itself. 


The resulting RF input signal is sampled over capacitors C5 
and Cé6 as the Intermediate Frequency (IF) 


On the lower bands (160m, 80m, and 40m) the dividers are 
clocked at the desired center frequency, which is in the pass 
band for the incoming RF. 


On the higher bands, the situation in the Softrocl RX is a 
little different. The clocking frequency is at the one-third 
sub harmonic of the desired center frequency and is NOT 
within the passband of the incoming RF. 


For example, consider the 20m RX: 


e For 20m, the dividers are clocked at about 18.73 MHz 
and their output QSD clock is 18.73 MHz / 4 = 4.682 
MHz 

e The third harmonic of that clock frequency is 3 * 4.682 
= 14.047 MHz. 

e The 20m signals in the BPF's passband will be sampled 
at that 3rd harmonic; however, the sampling will not 
yield as strong an |/Q pair as does the sampling 
technique used in the lower bands. Hence, the higher 
gain OpAmps for the higher band kits. 

e It is like looking at a rotating wheel with a strobe 
flashing once for every three revolutions of the wheel. 
The rotation speed of the wheel is down converted but 
the image is not as bright as it would be if you flashed 
the strobe at the rotation speed of the wheel. 


If you are interested, you might want to review the =~ 
x= operation. While the Softrock mixer is not a pure 
Tayloe mixer, the theoretical discussion on Taylo mixers 


helps with understanding how this process works. 


Go to Top of Page 
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Board Bottom 
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Mixer Bill of Materials 
( 20m band option) 


Check | Type Category | Component | Count | Marking 


| | 


| 
| 


473 


Ceramic | 0.047 uF 5% 


10 ohm : 
V4aW i arawim 2 


Oo Capacitor 


Resistor | Dr-Dik: 


' Go to Top of Page ] 


Detailed Build Steps 


Install Topside Components 


Install R1 and R2 


See ieee An mriontina anf imctalline racictarcs 


MW 
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Install integrating capacitors, C5 and C6 


See Fates T et fare Pei eaeaFitariee es eet Gene bliss 3 


Check | Designation 


| 


Component : : ; 

(top/bottom) Orientation | Marking | Image 
10 ohm 1/4W | | br-blk- | oy 
1% (top) tase | blk-gld-br | 


1% (to _blk-gld-br 

Sow f00R Jee [an 
| | 
i | | 

| 
ee | | | | | 
aay | 
Be tener BOM Hee ela «| 
re es (top | 
CANAD Oe” TE oy f | | 
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Completed Photos 


Note: the completed pictures are of the 40m option, which the author 
built. Other band options (which the author did not build) will appear 
slightly different (especially the inductors, whose windings and cores 
will vary by band) for the band-specific components. 


View of Completed Topside 
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Testing 


Overview 


Warning 
Test Setup 


Take appropriate ESD precautions in these tests, since you 
will be working around the very sensitive mixer IC 


Visual Inspection 
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Test Setup 


Current Draw 


Test Setup 


Test Measurements 


Testpoint Units bestia Author's | Yours 
With the 100 ohm | | | 
_ current limiting mA |< 30 26.1 eens 3 
| resistor | | | tye L ea 
Wi | | | 
| vithout the current Ima | <30 | 26.4 | 
_ limiting resistor | ie L ee ae | 

Voltage Tests 
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Test Measurements 


Testpoint 


| Pin 14 (QSD clk_0 on 


_ topside) 


Units Nemipal | Author's | Yours 
Value 


IVde | 2.5 (2.47 


Pin 2 (QSD clk_1 on 


_topsode) 
Pins 3 & 12 


P PINS © Ges osama ts 


Pin? ie (1A) _ 
“Pin 9 (2A) 


|Pin16 ~ i oot KZ 


Pin 8 


|Vde | 2.5 | 2.47 
[Nd [2.3-2.5 [2440 | 
Vde (2.3-2.5 2.44 _ 


Go to Top of Page 
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SoftRock Lite II -- IF Application 


Special Build Instructions 


IF Frequency Approximate SoftRock Lite II Necessary Modifications 
Center Frequency 


455kHz 464kHz X1 = 1.856MHz 

C3 = 1500pF 

C4 = 0.047 uF 

C10 = 1000pF 

C11 = 680pF 

C12 = 180pF 

L1 = 38T on FT37-61 core for 
79H 

T1 primary winding = 26T on 
T30-6 core for 2.4uH with bifilar 
secondary windings of 13T 
Build as 40m Lite Il, except: 
X1 = 19.6875MHz 

C3 = 220pF 

C4 = 3300pF 

C10 = 180pF 

C11 = 100pF 
Build as 40m Lite Il, except: 
X1 = 32.768MHz 

C3 = 68pF 
C4 = 1000pF 
Build as 40m Lite II, except: 
X1 = 35.2512MHz 

C3 = 68pF 
C4 = 1000pF 
Build as 30m Lite Il, except: 
X1 = 11.981MHz 

C3 = 100pF 

C4 = 1500pF 


4.915MHz (K2) 4.921MHz 


8.215MHz (K3) 8.192MHz 


8.83MHz 8.812MHz 
9.0015MHz 8.985MHz (1/3 subharmonic 


sampled) 
10.695MHz 10.707MHz (1/3 subharmonic Build as 30m Lite II, except: 
sampled) X1 = 14.2764MHz 
10.707MHz 10.724MH#z (1/3 subharmonic Build as 30m Lite Il, except: 
sampled) X1 = 14.299MHz 
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Revisions/Errata for Softrock 
Lite Il Project 


(Use the menu tabs to return to your kit's home page) 
Date Stage(s) | Notes 
| 
| Pat 
‘Band-Specific 
‘Issue Is Now 


fea Xen 


Merilatar 


1/9/2013 Band-Specific Components 


Band 
Dann are now implemented in 
the Biulls of Materials for 


| 
| 
| 
| 
| 
| 
— all options (RX and IF) of | 


| the SR Lite II kit. 


Sheets 2 and 3 of the 
9/3/2011 schematics on the 
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that disagrees with the 
values from the schematic 
sheets on the Yahoo 
reflector. 


| This should be resolved 
| soon 
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Yahoo reflector should NOT | 
be used (other than as | 
history). 


Received confirmation that 
the current valid list of 


band-specific components 
is the list on the FiveDash 
site. 


Currently in the process of 


Local updating the currently 
=< .5°5" | erroneous band-specific 
1/8/2013 Band components for this project 
‘ on the WB5RVZ.org site. 


| Until further notice, 
| builders should refer to the 


| list On fae FiveDasn site. 


Apologies to any builders 
| inconvenienced by this 
discrepancy. 


Added 7 new "bands" (for IF 
options) and specified | 
| band-specific components — | 
Loca! | using 9/3/2011 Sheets 2 

and = from Yahoo reflector 
for values. 


Oscitiator 


1/7/2013 || Band 


Dace 
s LenS rene a 
eet 


There is currently an issue 
with two different sets of 
value specifications. The 

FiveDash site has = s°* o* 

vaies for the IF options 


rier 
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Softrock Lite II Softrock Lite Il: 
Band Pass Filter 
Band: 


Introduction 


General Info About the Stage 


© Remember, when winding toroidal inductors, a single pass 
through the core counts as 1 turn. You might want to review | eonerc 


ACOWOXS excellent 10-minute video on winding toroidal coils and 
transformers. 
Also, please refer to the common camponent mountine instructions fo 


tarnicic 


Theory of Operation 


The purpose of this stage is to pass the Radio Frequency 
signals within the receiver band to the mixer stage and to 


12/27/13 10:11 AM 


a Ps | aageitys fh ty we F vol oer 
y Larne abe © 4) "4 es ee as 


aie sn fr pee P\ _ - « ba em 


Hi ott doorsio2 él sit Aoorsioz 
walla 2264 basi a 


io) 


“noidou on 
e 
axes? ort toda on I | 


226q Signi2 6 .>otSubni Isbiovos aniboiw neriw asdmamnaat 7 


ores Weve) OF Srisw Srigim yoY seems P 26 es g2 ort 


bre 2itod lebioros enibniw no. a sdk. he, iB a aia?) “ 
vi 


- 


aa 7 


Gages Bab Sek Se eae neal 


pain 


IZ - Softrock Lite II: Band Pass Filter http://www.wb5rvz.org/softrock_lite_ii/05_bpf 


attenuate unwanted signals which are not within the 
designed passband for the filter. 


This attenuation is especially important, since it permits the 
1/3 harmonic sampling in the mixer for the higher bands. 
Without that attenuation, for example, the 20m kit would 
be responding to signals in the region of 4.6825 MHz rather 
than to the designed response in the region of the 3rd 
harmonic of 14.0475 MHz! 


For further information on the subharmonic sampling effect, 
refer to thic tanic an tha Vahnn Raflactar 


Go to Top of Page 


Stage Schematic 


ANT RETURN 


Goto Top of Page 


Board Layouts 


Board Top 
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Board Bottom 


Go to Top of Page 


Band Pass Filter Bill of Materials 


( 20m band option) 
| Check | Type | Category | Component | Count | Marking | Image 
| 


| 
| Oo | Capacitor 


-s 


| 
Ceramic | 47 DF 5% | 1 | 475 | z. 
| | | 


| 

pow ae | | 

la | Capacitor | Ceramic | 680 pF 5% 
| 


oO | Inductor | Toroid 


| 
| 


Inductor | Xfrmr 
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Inductor | Coil 
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Detailed Build Steps 


Install Band-specific Capacitors 


Install the band-specific capacitors, C3 and C4. 


See hanensrific chart for values 


See hinte An iAantifivane 2nd inetalline Careamirc Cansaritnre 


j ; Component f ’ : 
Check | Designation (top/bottom) Orientation | Marking | Image 
| | | | 
a; 
cet COS ToD 20 | ta7yire gol = 
| (top) | | | 
| 
a ah 680 pF 5% | | Pee | 
| (top) | | | 
| ane y FT a ee Re RE OE, ee eee el 


Wind and Install Band-specific L1 
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Inductor Information 
Common Techniques: 


e One turn: 

o For toroids, one turn is a single pass through the center hole. 

o For binocular cores, one turn is a pass in which the wire goes in 
the bottom, comes out the top, goes back in the other hole at 
the top, and comes out the other hole at the bottom. 

e Bi (tri) filar means 2(3) equal lengths of wire. You get the bi(tri)filar 
strand by taking the length of wire specified for the primary 
winding, folding it into half(thirds), twisting it to 3~ twists per inch, 
and winding it over the primary winding. One end of such a strand 
will have two(three) leads; the other end will have a “hairpin” bend 
(and a single lead in the case of tri-filar). 

e Multi-filar windings are usually done AFTER the uni-filar winding is 
done. 

e Windings shoud be evenly spaced and ideally made such that the 
winding covers ~345 degrees of the toroid 

e Inductance values given are for the single (uni-filar) winding. They 
are provided to help verify turn counts and core material selected. 

e Toroid nomenclature provides the outside diameter of the toroid (in 
hundredths of an inch - the "30" in "T30-2"), and material code (the 
"2" in "T30-2"). Color codes used in these kits are: 

o 2=Red 

o 3=Gray 

° 6=Yellow 
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o 7=White 
© 10=Black 
© 12=Green (with White on opposite side) 


Inductors In This Step 


L1 


COIL: 2.5uH 26T #30 on T30-6 (yellow) 
Using approximately 16 inches of #30 wire, wind 26 turns on a 0.30 inch 
od T30-6(yellow) ferrite. Inductance = 2.50 uH. 


Install the band-specific coil, L1. 


Also, please refer to the common component mounting instructions for 


trerrniac 


e Do you Run Out of Toroid Before You Run Out of Turns? 


Occasionally, you may find that there is not enough room on the 
toroid toplace all of the windings without having to go back and add 
a layer of winding. Tony Parks suggests that you overlap some turns 
as you put on windings around the circumference of the core so that 
all turns are on the core by the time you get back to the start end of 
the winding. This should have negligible effect on the coil's 
performance in the radio. 


e Coil Orientation 
L1 is mounted vertically and supported by its leads. 
e Lead Preparation 


Be sure to remove the enamel coating on the wire before attempting 
to solder an inductor lead to its associated mounting hole. There are 
two different approaches to removing the enamel and tinning the 
leads: 
o The enamel coating on the #30 wire provided in the kit does not 
heat strip very well but may be stripped by use of a small folded 
over piece of Emory paper where the lead is pulled through two 
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facing surfaces of the Emory paper multiple times to sand off 
the enamel coating on the wire end. Then you can run each lead 
through a blob of solder on the hot iron tip to tin it. 


o If you have some solder flux (I use the paste kind), you can 


slather each lead with flux paste and then run each lead 
through a hot blob of solder to clean and tin the tip. You may 
have to repeat the process a couple of times to get all the gunk 
off of the lead. It produces a well-tinned lead with non of the 


trauma inherent in stripping the enamel with sandpaper or 


exacto knife. 


| 
| 


’ : Component 
Check | Designation (top/bottom) 
| 
| | 
| 2.5uH 26T 
r "#30 on 730-6 
| 


{ 


| 


| | T30-6 toroid 
Oo L1-core 
| | core (top) 


(yellow) (top) | 


Orientation | Marking 


Image | 


2 bu 
| 26T #30 | 
| on | 1 
030-6, | 
' (yellow) | 


Inductor Information 


Common Techniques: 


P=Primary 
$1=first secondary 
S2=second secondary 
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e One turn: 
© For toroids, one turn is a single pass through the center hole. 
© For binocular cores, one turn is a pass in which the wire goes in 
the bottom, comes out the top, goes back in the other hole at 
the top, and comes out the other hole at the bottom. 

e Bi (tri) filar means 2(3) equal lengths of wire. You get the bi(tri)filar 
strand by taking the length of wire specified for the primary 
winding, folding it into half(thirds), twisting it to 3~ twists per inch, 
and winding it over the primary winding. One end of such a strand 
will have two(three) leads; the other end will have a "hairpin" bend 
(and a single lead in the case of tri-filar). 

e Multi-filar windings are usually done AFTER the uni-filar winding is 
done. 

e Windings shoud be evenly spaced and ideally made such that the 
winding covers ~345 degrees of the toroid 

e Inductance values given are for the single (uni-filar) winding. They 
are provided to help verify turn counts and core material selected. 

e Toroid nomenclature provides the outside diameter of the toroid (in 
hundredths of an inch - the "30" in "T30-2"), and material code (the 
"2" in "T30-2"). Color codes used in these kits are: 

© 2=Red 

o 3=Gray 

°o 6=Yellow 

0 7=White 

© 10=Black 

© 12=Green (with White on opposite side) 


Inductors In This Step 


71 


XFRMR: 0.18uH 8T/4T bifilar #30 on T30-6 (yellow) 

Primary: Using approximately 8 inches of #30 wire, wind 8 turns on a 0.30 
inch od T30-6 (yellow) ferrite. 

Secondary: Using a total of 8 inches of #30 wire, wind 4 turns , bifilar, on 
the ferrite in the same direction as the primary winding. Inductance of 
the single winding (usually the primary) is 0.18 uH. 
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Also, please refer to the ~ CAam~m~éens Comm eo no nim oO! mt we imc Pruc ictinmne 


Lodel hall ~~ and . wae MRE bts shi Povistnedbacte! Zi Lae Ta AL RE i~ | a I wit Late § _. These 
resources should help the first-time transformer/ ‘oll binder rant any 
concerns in that area. 


e Primary Winding 


e The primary winding is of the band-specific number of turns. Wind 
the primary winding with the specified number of turns of #30 AWG 
enameled wire so that the primary winding starts and ends at about 
the same point on the core and is uniformly spread around the core. 


Secondary Windings 


The secondary uses lengths of #30 wire, twisted together into a 
bifilar pair that has approximately 2-3 twists per inch and is wound 
over the primary, using the band-specific number of turns.Wind the 
secondary windings, in the same direction as the primary, with the 
windings starting and ending just slightly clockwise around the core 
from where the primary winding starts and ends. 


ID and Tag the Winding Leads 


After striping and tinning each transformer lead at about 1/8 of an 
inch from the core, determine the two pairs of leads of each of the 
secondary windings by use of an ohmmeter. | like to use short lengths 
of insulation from hookup wire to identify two of the 3 sets of leads 
in these transformers. 


e Transformer Orientation 


(Refer to the graphic, above): Correct wiring is with leads from one 
side (the "a" side) of the core going to a group of three holes and the 
leads from the other side (the "b" side) of the core going to the other 
group of three holes as shown below. 

e Note the photo above shows the holes for the primary ("P”) and each 
of the two secondary ("S") leads, with the "a" and "b” designating 
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from which side of the core the particular winding's lead should go. 
e for example: 
© The primary winding's "b" lead would go into the left-hand "P" 
hole 
o The primary winding's "a" lead would go into the right-hand "P" 
hole 
o The first secondary winding's "b" lead would go into the 
left-hand "S" hole in the middle row of winding holes 
o The first secondary winding's "a" lead would go into the 
right-hand "S" hole in the middle row of winding holes 
-o and so on... 
e Be careful when threading the leads through the holes to avoid their 
getting tangled up with nearby components! 


? ; Component ; y ; 
| check Designation | (top/bottom) | Orientation | Marking | Image | | 
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| | | 0.18uH | 
| 0.18uH 8T/4T | | | 8T/4T | 
| if 11 | bifilar #30 on | | atti bifilar i2 
| | T30-6 | | ¥ | #300n | * 
| | (yellow) (top) | | | T30-6 | 
| ' (yellow) | 
| ee a AS OWIe | 
| | | 
| a T30-6 toroid | ety | | : 
| | core (top) | ¥ | bv 
| | | 


L Go to Top of Page | 


Completed Photos 


Note: the completed pictures are of the 40m option, which the author 
built. Other band options (which the author did not build) will appear 
slightly different (especially the inductors, whose windings and cores 


will vary by band) for the band-specific components. 


View of Completed Topside 


12/27/13 10:11 AM 


parm bso! ei annie no 
"a" bristt-fel of? ott? og bluow bsol “g" 2 bw 


“gy” pnsti-srigit-ortt ota og bluow bee! "s” cron oa | 
ofid od) og bluow baal “A” 2'gnibniw conse 
2alon sribniw to wos elbbun ants nt efor “eb 
* et offi op bivow bBal "5S Z’gnibniw isbn 
2a)o4 gnibniw %o wor sibbie oAi-al stort be 
sisdt blovs of zolor! et? Aguas zbea! orl onibgaind ne 
LzInanHogimes yates diiw qu b 
mien see es 
jnenogmeo 
HVeEsSNa i 
HatnenO iT (rotiod\qas), | 


a a yt etn gt Ae i ph Dee RI meee Geet e te 


7 
| 
aw 8 em 


: 


ices 


7 oust gritam 


es a ta eee meee 
Hust 0 | a 
TEATS | bed) Hud? | 
Wit ita o OF% wild | | 
cork; ; 3-O8F ad 
Q-0ET (qos) (Worley) | Aes 
(wolloy} ‘ 1 ee 
i 
| > biotot 6-OET | - 
| wolley 
| | (303) SIGD |. 


Jomiue ott dotdw .noriqo mb ait Yo. a 16, e yi 
~paade iw doliud ton bid odo ott aie) ane 
2109 ona egniontw szortw note ati 


i, 


ee 2imanggmo2 eqenae 


'Z - Softrock Lite II: Band Pass Filter http://www.wb5rvz.org/softrock_lite_ii/05_bpf 


Go to Top of Page | 
Testing 


Overview 


12/27/13 10:11 AM 


wer 
i ar 


4 ; 
" his 
i uate Mt baal “Weteh. tt f 


Y car ae 
ed Ape a 
1 ¥ a he bh aa / 
A Wa ass Mt Kis Saal 
shee (ny a he srs 2; i + 


Le hep oa 
7 


Panel 
ge pig ih. oi 


'Z - Softrock Lite IJ: Band Pass Filter http://www.wbS5rvz.org/softrock_lite_ii/05_bpf 


Visual Check 


Inductor Continuity Tests (NO power) 


Test Setup 


Test Measurements 


Testpoint Units Mane Author's | Yours 
Value 

PPoTnU <P utoipoin es Pianta Ohtani andl gilt | Osiby iit chico te een | 

Point "S" to point "S" | ohm | 0 0 | 
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Voltage Tests 


Test Setup 


Test Measurements 


Nominal Author's | Yours 


Testpoint Units Veine 
LR hairpinihole)ay saw -Vder. ew? Sem we 2147) ea] Ba 
| R2 hairpin (hole) |Vde | ~2.5 | 2.47 | | 


Resistance Tests (no power) 


Test Setup 


Test Measurements 


Unit Romina! Author's | Yours 


_R1 hairpin (hole) _ohms | ~800 | He Ge 


Testpoint 


| R2 hairpin (hole) "ohms ae ~800 | 803 | 


Phasing Test (NO power) 


Test Setup 
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Softrock Lite Il Softrock Lite Il: 
External Connections 
Band: 20m 


Introduction 


General Info About the Stage 


The final stage involves connecting the RX to the outside world. Specifically, 
we need to provide for: 


e Power - the power leads can connect to a well filtered, regulated DC 
source fromn 9 to 13 Vdc. 

e RF - need to connect the antenna and antenna return terminals to a 50 
ohm antenna tuned for the specified band 

e |/Q Output - connect the | and Q audio outputs of the RX into the PC via 
the stereo input of its sound-card. Normally, this will connect to the 
stereo "line-in" jack; depending upon the PC/Laptop, you might need to 
use the stereo "MIC" jack. 
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G\ es 2 Oe 
* 


Ground Loops 


If your display shows numerous peaks/spikes up and down the spectrum, 
these are likely caused by ground loops (since the spectrum is a display of | 
and Q signals in the audio/near-audio range). 


Doug, WA3DSP, advises: 


The SoftRock boards have a number of places where you could create a 
ground loop. The antenna should not be one of them as long as you isolate 
BOTH sides of the connection. In other words do not use a shell grounded BNC 
or other coax fitting on a metal chassis. | use an isolated shell BNC. The 
power connection is another place where a ground loop could take place. Of 
course running on a battery would eliminate that as would powering from a 
wall transformer. 


The only two things left are the audio connections and the USB connection, if 
you use it. Both are grounded at the computer so in most cases a ground loop 
would not happen here. 


So first make sure you antenna and power to the Softrock card are isolated. 
You don't need USB to receive so you could disconnect that. Then you would 
only have one grounded connection to the card and if you are still having 
problems it might be something else. 


Alan, G4ZFQ, puts it this way: 


"Ground loop” says it all. The RX must be connected to the computer by just 
one ground. The PSU is a common reason, somtimes the antenna. There is no 
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61 

Measurements require a formula to relate the scattering 

parameters back to the beam impedance Z,.,,- The derivation 

of this relationship requires assumptions: 

° ka, a frequently used definition for wave number used 
throughout this dissertation. 

° ka«l, an implication that the frequency of interest if 
far below the first TM cutoff frequency of the beampipe. 
This assumption allows an additional assumption that 
E,(r=a,zZ)=E,(r=0,2). 

e kg«1l, an assumption that the z dependance of E,(r,z) is 
constant. (i.e. Eo a2) Ne where y, is a constant. ) 
The requirement of kg«1l may be relaxed, for example, by 


demanding that 


Using this assumption, however, changes the proceeding 
results. Allowing higher dimensions in the estimate of 
E,(cr,z) allow a more rigorous and broadband estimate of 
both circuit and beam impedances. 

° impulse source distribution defined in Eq. 2-3. 

‘ k(b-a)-0 assumes that the size of the discontinuity is 
small with respect to a wavelength. 
Since E.(r,z) is assumed to be a constant function of Ly 


Eq. 4-7 changes into a simple linear equation of one equation 
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simple answer, as you indicate, different setups seem to have different 
answers. It should be posssible to greatly reduce the problem but 
experimenting is the only real answer. Check what is grounded and try 
disconnecting duplicated ones. Multiple connectionas between the SDR and 
computer may be acceptable if they are run together. Bad audio cables 
picking up external noise is another thing to look for. 


Theory of Operation 
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Stage Schematic 
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60 
show that the cavity stores energy in its modes at both w=0 
and w=2n. Each of the pipe kernels has the property that a 
particular pipe mode behaves strongly in the frequencies near 
the vicinity of the cutoff frequency of each pipe mode. 


Additionally, each propagating pipe mode decays as 


with w»w_,.-- for each respective pipe mode s. Since the 
first dominant mode for the center conductor pipe kernel is 
the TEM mode and its cutoff frequency is pete! the 
effective coupling of the TEM pipe mode is inversely 
proportional to frequency. The dominant propagating pipe 
mode for a particular bandwidth B contributes the most to the 
loss mechanism for all the cavity modes with resonances 
contained within B. Therefore, if frequency is high enough 
such that the TEM mode is sufficiently decayed out of the 
pipe kernel, and if a TM pipe mode exists whose cutoff 
frequency passes through a cavity mode by the introduction of 
the wire, then the cavity mode will have an artificially 
higher Q in the presence of the wire. 

vi. Example of a Relationship between SWM Impedance to Beam 
Impedance 


a. Introduction 


The use of network analyzers to perform stretched wire 
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59 
regime where the TEM pipe mode is dominant over the lowest 
cutoff frequency beampipe mode. Figure 5-2 is a contrived 
example which demonstrates this phenomenon. Figure 5-2 is a 
relative plot of the magnitude of the open beampipe kernel 
(Eq. 1-6) and the center conductor beampipe kernel (Eq. 1-8) 
for a particular value of z=z'=0. The cavity energy storage 
is an integration of the electric and magnetic fields in the 
region {0<r<b; 0<z<g} and has units of Joules. In Fig. 5-2 
it is assumed that the shift in cavity resonant frequency 
caused by the introduction of the wire is negligible with. 
respect to the shift in the first TM cutoff frequency of the 


beampipe. The strong peaks in the cavity plot of Fig. 5-2 


.0.0583333, 99) 


; res, j 
~~ magnitude of pipe kernel--no center conductor 
Pia magnitude of pipe kernel--with center conductor 
magnitude of cavity energy storage (Joules) 


Figure 5-2. Relative plot of the pipe kernels 
(dimensionless) and cavity energy storage (Joules) versus 
normalized frequency. Note the shift in cutoff frequency 
between the open beampipe and the beampipe with the center 
conductor. Between the cutoff frequencies is a cavity mode, 
which would have an artificially higher Q with the center 
wire present. 
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Install the power leads (nominally red for positive and black for negative) to 
the PWR + and PWR - holes on the upper right-hand side of the board 


Use the power jack or plug appropriate to your situation 


If at all possible, when initially testing the rig, it would be a good idea to use 
a battery or gel cell for the power supply. This minimizes the potential (pun 
intended) for ground loops (see discussion in Introduction section above). 
Later, you can introduce a mains-powered supply and, if that introduces 
ground loops, then you can make decisions from that point. 


Component 
(top/bottom) 


Check | Designation Orientation | Marking | Image | Band 


| 
| 
| 


1 


Cable 


A stereo audio cable may be connected at this time to the board at the three 
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58 
energy. The evanescent pipe fields can be, to first order, 
taken into consideration by allowing the unperturbed cavity 
fields to evanesce into the pipe [13]. The effect of 
propagating pipe modes and its coupling to cavity modes are 
not as easily estimated and general conclusions cannot be 
easily drawn. 

This definition for the impedance is not necessarily 
useful. The presence of the wire shorts out the accelerating 
electric field. The off-axis electric field is thereby 
attenuated several orders of magnitude. This term will not 
be used or discussed in the remaining Lorton of this 
dissertation. 

v. Beampipe Cutoff Frequency Change 

Adding the center conductor has the effect of changing 
the TM cutoff frequencies of the beam pipe. Note that the 
cutoff frequencies for each TM pipe mode always increase with 
the addition of a center conductor. If the addition of the 
center conductor causes the cutoff frequency of a beampipe 
mode to shift such that a dominant cavity mode couples energy 
into an evanescent pipe.mode rather than a propagating pipe 
mode, then the stretched wire measurement may show an 
artificially higher Q than what is witnessed with a charged 
particle beam. In the same way, the addition of the center 
conductor can cause the Q of cavity modes to appear 


artificially low if the cavity modes occur in a frequency 
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plated through-holes along the lower left edge of the board near the lower 
left corner. 


e Strain Relief 


Use a short piece of #22 bus wire to connect the middle plated 
through-hole (ground) to the shield (barrel) of the cable and wrap the 
end of the bus wire around the outside of the cable several turns for 
strain relief of the cable. 


e Cable Installation 
© Notefor the 30m. 20m, and 15m RX kits 


1/3 sub-harmonic sampling does reverse the spectrum. Changing the 
audio cable connections to the SoftRock Lite circuit board from tip 
to ring and ring to tip will correct the reversed spectrum so that the 
SDR software works the same for the higher band receivers as with 
the lower band receivers. 

o For the lower band units, the tip of the stereo cable plug connects 
to the plated through-hole that is marked “Tip” on the board. It is 
the "I" signal. Reverse this for the higher band units. 

© For the lower band units, the ring of the stereo cable plug connects 
to the plated through-hole marked “Ring” and is the "Q" signal. 
Reverse this for the higher band units. 


Alternate Connection - Stereo Jack 


Some builders might prefer to implement the I/Q Audio connection using a 
1/8" stereo mini-jack instead of a stereo cable terminated with a 1/8" stereo 
plug. Either approach works and is pretty much up to the individual builder 
and his/her approach to packaging the finished board. 


Troubleshooting Large differences in | and Q Output 


The receiver should provide nearly identical | and Q signals (other than 
phase). If there are significant differences in the gain of each OpAmp output, 
you may want to look at the following before concluding that the IC is bad: 


Things that could affect gain-- 


1. The feedback resistors (R7 and R8) are poorly soldered or of the wrong 
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occurs above the cutoff frequency of the open beampipe. 
iv. Change in Definition of the Beam Impedance 

An obvious difference with the presence of the wire is 
the required change in the definition of beam impedance. The 
Mere existence of the wire on axis requires the wakefield to 
identically vanish. It has been proposed that the fields are 
only locally disturbed by the presence of the wire and a 
similar wakefield type quantity may be defined by shifting 
the location of the definition for the wakefield to a 
position off-axis. Arbitrarily, it is chosen to define a new 
path of integration for defining the wakefield from Fig. 1-1 
to a path along the wall of the beampipe. The modified 
definition for the beam impedance from Appendix A is then: 

g 


(w) a-5 fe (rea, 2, ower ides 
(0) 


where £ (r=a,Z,@) is computed with a complex Fourier series 
along the interval {0<z<g}. Examination of the limits of the 
integration in this new definition implies that the 
contribution to the wakefield exists only at the specific 
location of the cavity. The inability for both the 
propagating and evanescent pipe modes to interact with the 
beam outside of {0<z<g} is a nonphysical assumption. It has 
been shown with stretched wire measurements that the 


evanescent pipe fields of a cavity mode contain significant 
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value(s) 
2. Incorrectly wound transformer in the BPF. 
3. Incorrect resistors (10 ohm) at both the input and output of the QSD. 
4. Incorrect filter capacitor(s) on the output of the QSD. 


(tx to Milt W8NUE) 


Component 


(top/bottom) Orientation | Marking | Image 


Check | Designation 
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Install Antenna Connection 


FF i: audio 


e Antenna Impedance 


It is extremely important to use an antenna with as close a match as 
possible to 50 ohms impedance. The radio's sensitivity is predicated on a 
50 ohm antenna input. 


e Coax 


Connect a length of 50 ohm coax to the antenna connection on the right 
edge of the board near the lower right corner. RG-174 is a good fit for 
this tiny board. 
o The lower of the two plated through-holes is the antenna RTN 
connection to the coax shield 
o The upper plated through-hole is the coax center conductor 
connection (ANT IN). 
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56 
individually calculated in the summation of the pipe kernel. 
Consequently, the minimum point of truncation must be large 
enough such that a, remains relatively constant. The final 
180 a., however, appear to converge to the bound. The error 
in the estimate of the truncation error is minimized 
therefore by choosing the point of truncation to be: 1) 
large enough to include several evanescent modes and all 
propagating modes and 2) large enough such that the a, has 
settled to a point where an estimate of it can be adequately 
made. 

iii. Addition of a Loss Mechanism and Data Modification 

The presence of the wire may reduce the numerics of the 
computation because the wire adds an effective loss mechanism 
to all of the cavity modes. The loss mechanism is a 
consequence of the TEM pipe mode and its ability to carry 
stored energy out of otherwise loss-less cavity modes. A 
loss mechanism was discussed in Ch. IV, Figs. 4-1 and 4-2, as 
a numerical necessity for the existence of a causal inverse 
Fourier transform of the beam impedance. The additional loss 
mechanism reduces the post-computation work since the 
computed data will be causal and therefore does not require 
the changes that the computation depicted in Fig. 4-1 
suffers. No computational savings will be experienced, 
however, between the open beampipe and the center conductor 


beampipe if the resonant frequency of the first cavity mode 
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e Not Grounded! 


Note that this connection is isolated from circuit ground. 


You may want to review the scrics of messages on this subJect in the Softrock 
40 Yahoo Group. 


Additionally, you should review the materials on the Clifton Labs website 
concerning the use of an antenna isolation transformer 


Finally, regarding the “floating antenna RET" connection, review the messages 
in - ss topic where the builder was getting no signal and the cause was the 
improper ANT RET connection. 


Component 
(top/bottom) . 


Check | Designation Orientation | Marking 
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55 
As s-~, a, does not have a formal limit. To estimate the 
truncation error of the center conductor pipe matrix requires 
an estimate of a, for large s. The propagating pipe modes 
and the lowest order evanescent modes make the largest 
contribution to the pipe kernel. Examining a, for large s 


shows that a bound for a, exists and is: 


Replacing a, by a introduces error to the estimate of the — 
pipe kernel. To reduce the error from the introduction of a, 
the point of truncation for the series in Eqs. D-1 and D-2 
must be sufficiently high such that the leftover series uses 
the estimate of a. The truncated sum must be much greater 
than the leftover sum. 

Figure 5-1 is a plot of a, versus s for a 50-Q coaxial 
beampipe. Calculating 
the limiting value a for 
the 50-Q geometry shows 
a=1.769. For a 50-Q 
geometry, the first 15- 
20 a, fail the 
assumption that eels 


a 
and these first 15-20 


8s 
~~ Coeffecients for 50 ohm coupling line 


Figure 5-1. Plot of the actual a. 
for a 50-Q coupling line. 
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Testing 


Overview 


Final Test 
Test Setup 


Once external connections are installed, you are ready to 
take the radio for a spin. This final test will use Rocky as the 


CAPR Caftwara 


: -& 5 LAS en T Ga 
wee er ee ee LK 


For further discussions of the software side of SDR and 


soundcard issues. see Alan GATFO's nadac 
This tect acsiimes var: have the falleaurine 
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e A Windows Computer on which Rocky has been installed. 
Note: in Windows Vista, Rocky cannot “see” the on-board 
soundcard; Rocky can, however, “see” any external USB 
soundcard connected to a Vista computer. 

e A sound card with a stereo input ("mic" or “Line-In") 
Note: some iaptops, unfortunately, lack a true stereo 
input connection (either no line-in jack or just a “mic” 
that is mono only). 

e An antenna (the better the impedance match to 50 


ohms, the better the recention) 


Setup the Radio and the PC 


e Plug the audio output cable into the "mic" or "Line-In" 
input on the PC's sound card. 

e Connect the antenna cable to your antenna (you can use 
a simple wire antenna, but the reception will be poor). 

e Run the Rocky SDR program 

e Select your soundcard in Rocky (view -> settings -> 
(click on the "Audio" tab)) 
Normally, you will have a single soundcard, your 
on-board card, and that wiil be the default setting for 
both the "I/Q Input Device” and the "Audio Output 


Device”. The default sampling rate is 48 kHz (you should 
he so lucky to have a card that samnles at 946 kHz!) 
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54 
the beampipe. Finally, the addition of the center conductor 
introduces a set of coefficients in the definition of the 
center conductor pipe kernel in Eq. 1-8. Each coefficient in 
Eq. 1-9 dictates a different level of coupling from the 
waveguide pipe modes to the cavity modes than what was 
observed in the open beampipe. In fact, the coupling from 
the beampipe to each cavity mode is stronger for the center 
conductor beampipe than for the open beampipe. 

Estimating the coupling coefficients for asymptotic 
calculations was performed by first finding the cutoff 
frequencies of the center conductor beampipe from the 


equation: 


r 
When i,»1 and i, —“-»1, the asymptotic forms of the Bessel 
a 


functions were used to find: 


4 SII 
Sh 


s t 


1 ii 
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e Set Rocky/s center 7h ae to the value (in Hz) 
corresponding to your kit: 
o 160m: 1.8432 MHz (1843200 Hz) 
o 80m: 3.522 MHz (3522250 Hz) 
o 40m: 7.056 MHz (7056000 Hz) 
o 30m: 10.125 MHz (10125000 Hz) 
°o 20m: 14.0475 MHz (14047500 Hz) 
o 15m: 21.045 MHz (21045000 Hz) 
Enter the appropriate center frequency in Hz(view -> 
Settings -> (click on the "DSP" tab)) 
Exampie, here, uses 40m rig’s center frequency of /.056 
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°o Apply power to the receiver 
Oo If not already done, Run Rocky and Start the Rocky 
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V. Stretched Wire Analysis 
A. Theoretical Solution. 
i. Introduction. 

The solution to the problem in Fig. 1-9 with a center 
conductor of radius r=r, is estimated using the same complex 
Fourier series techniques used to solve the open beampipe 
geometry and current sources described in Ch. IV. Since the 
general method of solving Eq. 1-12 is identical to the 
charged particle beam, a discussion of the differences and 
changes in estimating the solution of Eq. 1-12 for the 
geometry with the center conductor will be presented. 

ii. Change in Pipe Kernel Definition and Cavity Coupling 

The first difference between the stretched wire 
Measurement and a physical beam is the obvious change in 
geometry and boundary conditions caused by the introduction 
of the center conductor. Mathematically, this changes the 
definition of the pipe kernel in the analysis of Eq. 1-12 and 
Eq- 1-8 must be used for the pipe kernel rather than Eq. 1-6. 
The additional coefficient terms of Eq. 1-8 (the a, in Eq. 1- 
9) describe the differences in coupling between the cavity 
modes of either the Soeraheeeine or the center conductor 
beampipe. Physically, adding the center conductor has three 
fundamental effects. First, it allows energy to couple into 
and out of the cavity via the TEM pipe mode. cecondiyy it 


shifts the cutoff frequencies of the TM waveguide modes of 
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screen (depending upon your antenna, band conditions, 
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not it is necessary to modify the resulting beam impedance 
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data. The modification method presented in this chapter 
applies only to pillbox modes which are coupled strongly to 
the particle beam. It is necessary to consider practical 
current source geometries in the analysis since an impulse of 


current has infinite bandwidth. 
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winding; "a" is one side of the toroid, "b" is the opposite side) 


e The two leads for the 2nd secondary winding, "S2a" and "S2b" ("S2" stands for the 2nd 
secondary winding; "a" is one side of the toroid, "b" is the opposite side) 


ta 


To mount the transformer you insert the leads into the holes annotated on the board as "P","S1", and 
"S2". The holes may also be annotated as to the "row" ("a" row or "b" row) which corresponds to the 
leads on the "a" side or the "b" side of the toroid. 


the builder should start with the single winding, inserting its two leads into the appropriate holes and 
then do the same with the first of the two bifilar windings, and finally do the same with the second of 
the two bifilar windings 


After inserting the leads, the builder should pull each lead pair through the holesuntil the transformer 
is snug to the board. Soldering the leads completes the process. 


Leonard, KCOWOX, has an excellent (large - 100+ Mb!) video showing the 
on an earlier Softrock (transceiver) kit. He also has a 2 minute video clarifying 


eis) 


eer 


Winding and Installing transformers on binocular cores is a hard process to clearly describe. There are 
two aspects to it. 
e One is the actual winding of the coil. Bino cores can be wound either: 

© with all leads coming out of the same end or 


o with some leads coming out of one end and some coming out of the other. 


e All Tony's kits - so far - have used the winding convention where all windings come out of one end 
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of the binocular core, with one turn counted each time the wire goes in one hole and comes out 
the other, at the same end (see below). 


CX) 


One luirn 


® The other aspect is the correct polarity. That is a little easier, since Tony has designed the boards 
such that the polarity is pretty well handled for you. 


o The key is to start each winding in the same hole of the bino core and end each winding in 
the other hole (on the same end of the core). 


o When you finish winding the typical bino transformer with one single wire winding and one 
bifilar (i.e., twisted pair of wires) wire winding (yielding two windings), you have three wires 
coming out of each hole on the same end of the core, corresponding to the leads of the three 
windings. 


© You should carefully strip the insulation from the leads (up to within an eighth of an inck of 
the core) and tin the leads. Sandpaper can be used to strip the insulation, or you can use an 
Exacto kinfe toscrape it off. Note that the insulation on the wire Tony provides is Not the 
heat-strippable type. 


o In most of Tony's kits the core is mounted “standing up" vertically and the windings' lead pairs 
are inserted into the holes corresponding to the winding. 


o For example, if you wind a transformer with one primary (P) and two secondary windings (S1 
and S2), you end up with three leads (Pa, S1a and S2a) coming out of one hole and three 
leads (Pb, S1b, and S2b) coming out of the other hole. 


o The board layout in the enhanced builders notes will usually have annotations on the six 
holes (for a common transformer) that indicate the lead pairs for the primary, and each of the 
2 secondaries. 


o The builder then needs to match the holes with the appropriate winding leads. This graphic is 
an example: 


ol 6yadoa. 
7S, TT | [pm | 


o 1201 (above) has one primary and two secondary windings. When wound, it will have 6 
leads in all: 
= two leads (Pa and Pb) and 


« four secondary leads (S1a, S2a, S1b, S2a). 
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© You should use an ohmmeter to identify each winding pair. 


Then slip a 1/8" pice of hookup wire insulation onto the Pa and Pb leads to temporarily provide 
identification of the primary. Also slip a 1/8" piece of insulation onto the S1a and $1b leads to act 
as a "spacer for the actual mounting. 


© To mount the core, the builder typically starts with the Primary leads, removing the insulation 
piece and orienting the core such that (in the above instance): 


# the core hole from which Pa lead exits is aligned with the P hole on the top row of the 
holes and 


» the core hole from which the Pb lead exits is aligned with the P hole on the bottom row. 


o Then insert those primary leads into their corresponding holes. 


o Then take the first pair of S leads (e.g., S1a and S1b) and similarly align with and insert into 
the "S1" holes (S1a on the top and S1v on the bottom row of holes in the graphic above). 


© Finally do the same thing with the remaining lead pair (S2a and S2b). 


© Then pull through all of the leads from the bottom of the board to ensure no leads have any 
loose ends or loops topside and the transformer is nice and snug on the board and the 1/8" 
spacer 


© Solder all leads and you're ready to test them. 
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aE 


=Softrock Lite + USB Xtall V9.0 Band Pass cas 


heory of Operation 

his stage lets the SDR filter out the RF spectrum arriving at the antenna into a "chunk" of the RF 
pectrum corresponding to the desired band(s). This is filtering "in the large", and is designed to 
uinimize interference/harmonics from very strong, out-of-band signals. 


here are four separate, pluggable boards which can be built to provide BPF functionality over the 
ange from 160m to 10m. 


like KF4BQ has conducted tests on the BPF boards to determine the frequency boundaries of these 
-hunks" (the passbands) of RF spectrum. You can \o. oc recurs Bere. 


ote: the pluggable bandpass filters may be replaced by the new switchable ~~ =-~ 5oarc kit, which 


aplements 4 switchable BPFs on a single board, which can be manually switched or switched via 
SB control. 


schematic | 
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8.7uM, T33-2:rod: care 
me) RAID Sho 16! #30 BReG om or mary 
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C100-1 
C101-1 


T100-1 1.4 uH |T30-2 (red) 


5 0 
Tl 
oO 
j=) 
1S) 
O) 
N 


100-1 __‘|18.7 uHT30-2(red) | «dS 
a ee eee 
BPF-2 Pee tl | Se a ee 
oo a a 
ie. RC aT a 
Bidoceeeo60pris61 | sicaramic | 
PiOmememics0priesi | ~sIceramic. 
r02 fi2s _ 
L100-2 tS GER |T25-2 (red) |) ae 
; ’ i a a. se 
BPF-3 i a" a) ae 
Pecan pin | a || | 
a Ee a ae 
eeomsoprlisi = | Maleeramic | 
Meeicmer220pF|221'- = | Ss ceramic 

ellow 
: a a ee 
BPF-4 . eee 
Peowewonks . (~ a aa 
Sremionne | «=—s«s (Oe 
5100-4 82pF (82 #| “ceramic 
idie4s 1330 pF 1331.» |. ceramic 

ellow 

T25-6 
100-4 0.53 u (yellow) 


summary Build Notes 
Cut the provided board into 4 BPF boards. 


For each desired band pass filter board (BPF-#): 
° Install pins to board bottom 

© Install ceramic caps to topside 

© Wind and install inductors 


O. Tesi the st 
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18T/9T bifilar #30 
TOS" 
66T #30 (32" 


80/40m board 


18T/9T bifilar #30 
10"/5" 
22T #30 (11" 


30/20/17m board 


14T/7T bifilar #30 
8"/5" 


17T #30 (9") 


15/12/10m board 


7T/4T bifilar #30 (5"/4") 


14T #30 (8") 


ere are four bandpass filters (BPFs) you can build, each on its own board with 2 Caps, a coil, a 
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transformer, and two sockets for plugging it into the main board. The Bill of Materials above provides 
you with the parts list for each board. You only need to build one BPF to test out your receiver 
capability. It is recommended - especially if you are inexperienced in winding coils and toroids - to 


begin with a BPF for the band you are least interested in (just to get the practice in a non-threatening 
fashion). 


Saw The Boards 


‘The BPF filter boards are in a strip of four boards and will require the kit builder to hacksaw between 
the boards to separate the individual BPF boads. It is suggested to use a small plastic miter box and a 
fine-toothed blade (24 tpi or better) to help cut perpendicularly across the 0.65 inch wide strip. This 
seems to work well. However, please note the «efe'v warnings on the Sofirack reflartar (macsane 

“= 5) concerning the danger in inhaling the dust resulting from sawing. 


Winding inductors 

I 

fo learn how to wind coils and transformers, please read the “ommon Comoonent Mountine 
NS ecrens  lorace: incuciors to instruct you in the techniques required for this task. 


\2oncernimg the number of turns in the windings, David WW2R has reported that he had to adjust the 
jiumber of windings on L100-1 (the 66 turn coil on the 160m band) because of the fact that the toroid 
vas not able to accept 66 turns as a single layer, without winding back over some of the existing 

finding. Overlapping turns caused him to need 69 turns to reach the required inductance of 18.7 uH. 


ete N4ZR chimed in on this subject, too, adding: "The 160-meter L100 requires 66 turns, but only 
out 40-45 turns will fit on the core in a single layer. You need to keep winding in the same direction 
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in a second layer until you complete the 66-69 turns. | wound 69 originally, but on checking with my 
MFJ-259, which may not be very accurate the inductance appeared to be a little high. 


When winding bifilar windings, it is a lot easier to wind the bifilar winding if you fold the wire in half but 
don't cut, and use the folded (closed) end (with or without a sewing needle) to feed through the toroid 
or binocular core. 


Wire Lengths 


Refer to the BOM above to see the recommended length of wire (in inches) for each inductor. These 
lengths include generous SWAGS to accomodate lead lengths, etc.. These were determined using 
oe © oo (adding an inch or so to the resultant length, just for good measure. 


When the BOM states —-- this means: 


e Primary: 18 turns of #30, using 10" for the single winding. 


e Secondaries: 9 turns of #30, using a 10" length of wire and fold it over at the 5" point, twisting it 
together into a bifilar strand, winding it evenly distributed over the primary winding for 9 turns. 
The bifilar strand should be about two-three twists per inch. 


‘Core Sizes . 
: The chart below provides the capacitance values and the winding instructions by band group. 
‘Carefully note that some bands use different size and color cores. Be sure to use the right core for the 
‘board you are building: 
).1. 160 m: T30-2 (red) 

2. 80/40m: T25-2 (red) 

3. 30/20/17/15/12/10m : T25-6 (yellow) 


T25-2 725-6 
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Check..__- [Designation CE RET Ta Se ean lI IO TE 
| ind, prepare, horizontally mount, and solder the coil, L100, us 
: he correct core size and color and turn count.. 
| e Carefully count the turns’. Each pass thru the center is 1 ti 
e Leave approximately 1/2 inch for each lead. 


e Use an emery cloth to scrape the insulation off the leads uj 
the last 1/8 inch. 


4 00-# oil e Pull the leads through the holes directly above the circle fo 
L100 on the BPF board (marked in yellow above). 


e Flatten the core horizontally, pull the leads snug, bend ther 
the bottom side of the board, and solder the leads. 


e Test for continuity (~O ohms) from the lower hole of C100 
through the coil to the lower hole of C101. 


e If there is no continuity, check soldering of the leads and 
resolder as necessary. 


ind, prepare, horizontally mount, and solder the transformer, ' 


| e Transformer T100-# will be mounted horizontally and raise 
above the board about 1/16 of an inch. In winding T100-#, 
wind the primary winding with enameled wire so that the 
primary winding starts and ends at about the same point oi 
core and is uniformly spread around the core. 


: e Twist two pieces of enameled wire together (bifilar) at abot 
twists per inch and wind the secondary windings with the 

| windings starting and ending where the primary winding st 
and ends. When you have wound the transformer, you will 
6 leads, 3 (one primary, one secondary 1, and one second 
2) on each side of the core. 


: e When trimming the wires, recognize that the 3 leads comir 
T100-# ransforme from one side of the core may need to be a little longer tha 
those from the other side (to facilitate mounting the transfo 
| horizontally. 


e Insert the leads, following the annotations on the BPF boat 
. above: 
| o "P" represents the primary leads on each side of the c 


o "Si" represents the leads for the first secondary windii 
each side; 


o "S2" represents the leads for the second secondary 
winding on each side. 


e Test for continuity on the two primary leads ("P" in the imac 
above) by putting your ohmmeter leads on the two holes fc 
C101. If you do not have continuity, then you likely have a 


1/23/12 2:47 PM 


4 ‘va ———'  ~.@) + eee i @yea 7 a ~~. 
\ f yy \ oy) ie) CNG FOS 
¥ ry . | ea. vo) Say 
| ) i ~~ eh oe AC ee , 
f 4 = =~" } e , 4 ° i 
; a ih . at ; 
» 
4 . a ; 
‘ a ' + ; ae, e Ate le ee 
{ . ; a . hy : 7 
i ay t OH} ‘7 = 
—_ . 


Lapa peo ae are: > 
2 a ale 2c wh 


+y 007 Jioo orth tabloe bre Jnuor \listnashor! ersqanq br 
_jnvoo mu? bre 1oloo one esie etos Iseni00 ere 


ry # } af retries ert! unelt 2esq ron’ ." emu? ett iengos yllutersD- 
ae bso! foe tot dori S\t ylotemixogge eves 


| \y ebee! ert fo noitelueni ert eqawe of tol ema ne 82 
ton BAP teahertd 


ot elotio ortt evodis Vipenib aaion rit dquontt ebael ert tut a 
avods wolley ni bewhem) sed AIG eine OOF) ie aed | 
. rar!t bned gunz ebeel on tig ylieinesitod e100 sft netiel] -« | 
abpel ort! tebloe bris ,bisod edt to sbie moliod ert a 
| 3012 to elori row! ecit mont (emirio O-) ywiuniinos toh feet = #)_— 
10ND to sion rewol ert? of lea-erd quent 


| bns abeal enti to prinabiog toarto xtiuniinos on ei cio =o 


en ee 


A 


5 >a 


a aed 


reittensy ent vebice bag Jnuom. ylisingsior .erageng ni | 


| evien bne yYlainostion bela ed fiw #-OOTT jermciensiT oe} i ‘ oo | 


%-001T pnibrhw ni coni ne to St\t teds breed ery evods 
ort? Jarl] oc etiw belemsne itiw oribriw yyemhg ort Qn 


| . 10 Iniog emee ert juods Is cone One shele gnibaiw yisming 7 ee 


| a 9103 ori bnuoT's bserde ylanolinu ef brs S00 


jods fp (elitid) rarlleypo! eviw bsiemane to ssveiqowtiaiwl #  . - 
| artt iy agnibniw yebroose eri bniw brs rom eq Ci) a i 
da gribriw yisming ert ererlw gnibne brs painsts egnibniw 
liw VOY Jarnoleng? ect bavow ever voy nen bre Bas | 
bnonee eno bas ,! yebnesea eno emg ene) £ 2bes! 6 
nimioo ches! & ort ierll esingoser ,cerw eri aniennid not 
erit vapnel elt! 6 ed of bean yer e199 ert to ebie eno mort | 
| olena? ert gattiuom otetiliost of) abis vertto ert mowtezort 
sod 492 or! no ancideianne ert gniwolict ebselertheenl + 
{ 
| 2 aril to ebie rote no 2bsal yrsmbhg ert einoeengat "4" o me 
| | ‘ae 


a”) gasped 
e 
) 


ibmiw yisonosee fer eri tot abeol ert! ainaeongen "tS" 


nr 
cary | . de ¥ 
ral = s oe" a f 
, 


? i : a . 


» eat ib S t a . 
i] oe ai ve 


a 
~ 


—- re i ete ie 
- — a D 
» a a 7 ‘ 
(a = 1 * 
bs ee — <n 
= . : = . 
- ‘. ps ’ ahd 7 = 
7 7 ® ; - he be '] 
_ v ; - ‘ 
7 , ot vs - ae oi 
C7 :, En “3 = 


e + USB Xtall V9.0 Builders' Notes http://www.wbS5rvz.com/sdr/RX_V9_0/07_bpf htm 


soldering issue on the primary leads. 


e Test for continuity between either of the primary leads and 
of the secondary leads. You should see an open circuit. 


| e If you do get continuity, look for a short in the transformer « 
its solder joints. 


: e Test for continuity between pins 2 and 3 of P101. You shot 
get continuity. 


e If you do not get continuity, one or more of your secondary 
| leads has a solder problem. 


| ceramic 
eA 00-# re ee Mount and solder the capacitor, C100 
| ceramic 

7 C1 01-# es Mount and ae the capacitor, C101 


S ee. _ ci. 7a 


0 


Mount and solder the 2-pin header, P100, on the underside of t 
. 2 pin board, with the shorter pins going through the holes from the 
P100-# header bottomside to the topside and the longer pins extending out fro! 


7 bottom side to mate with the main board “). 
Mount and solder the 3-pin header, P101, on the underside of t 
3-pin board, with the shorter pins going through the holes from the 
iP 01-# header bottomside to the topside and the longer pins extending out froi 
bottom side to mate with the main board. (2 

| The L-100 for the 160m BPF will require overlapping the windings in order to fit all of them on the toroid. The first layer 


iretty well fills up after 45 or so turns. 


The BPF board connectors (P100 and P101 headers) are mounted, short ends into the holes for P100-# and P101-#, on the 
1ottom of the board with the other components on top. 
Jse the main board 9-pin socket (J1) as a “tool" to align the pin headers on each BPF board so that the two will mate 


‘roperly. 


Completed Board (80/40m) 
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Test 7160 Primary Resistance 


» With the BPF board NOT mounted to the main board and using your ohmmeter, measure the 
resistance from The C100 hole farthest away from P100 to ANT Return. It should be ~0 ohms, 
indicating continuity in the primary windings of T100, through the L100 windings. 


__ If you get any appreciable resistance or an open circuit, you should inspect/touch up the solder 
joints on T100 primary and/or L100. 


Test 7100 Secondaries Resistance 


1/23/12 2:47 PM 
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With the BPF board NOT mounted to the main board and using your ohmmeter, measure the 
resistance between pins 2 and’3 of P101 on the BPF board (which correspond, respectively, to 
pins 3 and 9 of Ji on the main board) - see the two tesipoinis circied in the image above.. 

It should be ~0 ohms, indicating continuity between the ends of the two secondary windings and 


through the center tap. 


If you get any resistance or an open circuit, you should inspect and/or touch up:the solder joints. 
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lintrod uction | 


Theory of Operation 
This stage provides the two power rails for the radio: 


e aregulated +3.3 Vdc for the local oscillator stage 


e aregulated +5 Vdc for the divider, mixer, and opamp stages 
Note that the USB stage is powered from the PC's USB port's +5Vdc 


Schematic | 


This is a subset of the 


Bill of Materials 
DesignationValue — 


2/1/11 3:02 PM 
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C13 0.01uF SMT 
1206 


1206 

SMT black 

1206 marked strip 
SMT black 

1206 marked strip 


SMT black 
-1UF 


O 

O 

N 

i=) 

= 

S 

f 

” 
= 
=| 


SMT black 

ad uP Neate | a pe 1206 _|marked strip 
475 | [ceramic 

475 | [ceramic 

475 | [ceramic 

475 | [ceramic 

_ EE Dv nic tien Vall EEE PRES A sive odd 

La 


summary Build Not 
e Install SMT ICs and Capacitors (bottom) 


e Install ceramic capacitors (top) 
e Install D1 (top) 
° Install U1 (top) 


_e Install power bus jack, J2 


(Detailed Buiid Notes 

Bottom of the Board 

The challenge here is the extremely tiny 3.3V regulator, U3. Be very careful tweezing this component, 
as, if it ever gets launched into space, it will be nigh on impossible to find. 


Also be careful to note the two different types of SMT caps. There are three 0.01 uF caps and four 0.1 
uF caps, the latter being identified by a black stripe drawn on the plastic carrier strip. 
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SMT 
1206 black marked 


SMT 


SMT 
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: ompleted Stage Photos | 


BottomSide 
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Test Setup 
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Voltages 
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jbbeyer <beyer @engr.wisc.edu> 
elect. BPF 


May 31, 2009 3:33:35 PM CDT 


Posted by: "n8ewy" 
Sun May 31, 2009 4:01 am (PDT) 


A little. It's time to hook this thing ail together. I've completed the v9.0 and switching 
BPF. I powered it up and watched 40 meters come in great with lots of activity .... it was 
unbelievable! I see that there needs to be an interface cable between the two. 


1. Is there a site that shows a pic of these two connected? 


2. The only part I have left in the two kits that looks like it might be used in this 
Interfacing is 1 two pin female header. Do we need to make our own interface cable? 


3. Does the cable run between J3 vg and JP1 or JP2 on the BPF? 


4. Does the jumper cover go over the unused jumper (JP1 or JP2) when the cable is 
‘connected to the other jumper? Is the jumper cover optional on the unused jumper next 
‘to the cable. 


5. Does it matter what kind of wire is used to make this jumper cable? 


‘6. Seems like there should have been two connectors provided to make this jumper. Am 
I missing something or is there a different procedure or method used to make this 
connection? 


I know this is a little much for such a small question but I don't see where this is 
‘covered anywhere in the documentation. Not clearly. I probably didn't look close 
‘enough. 


Thanks and 73 
'Dohn N8SEWY GO REDWINGS! 
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Posted by: "Tony Parks" 
Sun May 31, 2009 4:20 am (PDT) 


Hi Dohn, 


The 2-pin socket provided in the Electronically Switched BPF kit is for 
use at the end of a kit builder supplied cable to plug onto header J3 on 
the vg.0 board. The other end of the cable needs to be soldered to the 
|BPF board at JP1-1 and JP2-1. (The jumper plugs that can be used to 
‘test the BPF board are NOT used when the BPF selection is from the v9.o 
|board.) The cable length only needs to be an inch or so and any small 
(gage insulated wire would be suitable. 


\I will send you a schematic directly to your e-mail address. 


(Glad to hear the v9.0 receiver is playing for you. 


73; 
Tony Parks 
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ISoftrock L Lite + USB Xtall V9.0 - External 
=Connections 


strvisae® Rtawi i 


~Linein 


Sound Card 


ummary Build Notes 


‘© Set up Rocky's ".INI" file for Multiband Operation 


‘® Connect the | and Q output lines 
'» Connect the Antenna 


i» Connect the power leads/connector 


Detailed Build Notes 


Setting up Rocky.ini File for Multiband Operation 

'f you are using Rocky, you should set up the ".INI" file in Rocky (rocky.ini) to allow for multi-band 
ration. This process is simple and involves adding lines in the "[Bands]" section of rocky.ini to 
ignate the text to display for and the center frequency ofeach band selection. 
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For details, see the example in this )n«. 


RX I and Q Audio output - LINE IN 


blacle 
Chiedd 


These are the Ring(Q) and Tip audio outputs of the board, located at the bottom center edge of the 
board. 0 


Depending upon your ultimate enclosure/mounting requirements, you want to connect these three 
pads to good quality shielded 2 conductor audio cable, terminated either by a 3.5 mm mini plug or a 
mini jack. 
Use a short length of solid hookup wire, soldered to the shielding and to the ground/common 
connection, and wrapped firmly around the outer insulation of the cable as a strain relief mechanism. 


Antenna Connection 


Sample Antenna Connection 

/ANT/RET 

These are the ANT and (unmarked) Return connections located on the right-hand side of the board, 
‘near the top. 


Use RG-174U 50 ohm Walch coax for the antenna connection, There is a good ciscussion o 
RG-1/4 coax and techniaues for installina connectors available on the internet. 


Use the strain-relief technique illustrated above. 


Finally, regarding the "floating antenna RET" connection, review the messages in «> s topic where the 
‘builder was getting no signal and the cause was the improper ANT RET connection. 


Bawer Cannactian 
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Completed Stage 


‘Sample Power Connection 
PWR 


To power the v9.0 receiver you will need a 9 volt to 12 volt DC source at a little over 100 mA. A supply 
that is free of ground connnections works best. 


Use the conventional red/black wire for the power line +/- connections with the connector of your 
choice. 


| oe & 
ed In 
% 


Testing hg 0 | 


Note: This stage test requires you to have built and plugged in at least one bandoass ‘lier, 


‘he test assumes you have built an 80/40m BPF. 


Current Draw (DMM) 
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Since you have just installed the various connections, it is a good idea to check 


the current draw one more time 


e Current numbers here are for the CMOS version of the Si570. You will need to 
adiust these up by about 14 mA for the LVDS version. 


e Power the board pop (author has been using an 11.6 Vde battery pack) 
-® Measure the current draw and 5 V rail voltage with a 1K Q limiting resistor 
e Measure the current draw without the limiting resistor. 


e Remove power 


Testpoint Nominal Value Author's Yours 
urrent Limited mA : 


RX Test in Rocky 
The ultimate test is to run Rocky, feeding the Ring and Tip outputs to the Line In 
inputs of your PC's sound card. You must have built at ieast one of the Sandpass 


Filter Boards (BPF) to conduct this test. The values below are appropriate for the 
20/40m RPF Roard. 


: > 
= ZIS5ETSS oO 


With the 80/40 BPF board in place and a stereo cable installed (see above) for the 
ring, tip, and common audio output connections: 


e Follow this sequence to connect the board and the PC (important note: there 
have been cases where this sequence was not followed and damage to the 


board resulted) 
o Plug the audio cable inte your sound card’s Line-in input 


o Power up the board 


o Piua the USB cabie into the PC 


e RunRocky, click the File > Start Radio menu choice, and click on the 
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View > Settings menu . 
e Click on the “Audio” Tab and select your sound card 


* Set Rocky's center frequency at 7.046 MHz (if it is not already selected) in the | 
“VQ Input Device" dropdown box). i 


e Ciick on OK to close the “Settinas” Menu 


e Set up your transceiver (or other signal source) to transmit a low power signal 
at 7.059 KHz into a dummy load and loosely coupie it to the board with a short 
wire 


e Click on Rocky's File/Start Radio 
e You should see the Rocky spectrum display resembling the image above. 


e If your signal source can sweep the frequency, observe Rocky's spectrum 
display as the generator sweeps through the "chunk" of bandwidth centered 
on the center frequency. 


°¢ if you see an unwanted "mirror image" of the desired signal, you may want to 
check out the imace reiection hints on this website. 
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earch: Search selected SDR sites 


This kit is a daughter board, designed by Jan GOBBL and Tony KB9YIG, that provides four 
electronically switched band-pass filters for the Softrock Lite + Xtall V9.0 RX, replacing the 
single-band daughter board in the original design. 


Prices and availability of the kit and its options are found at the 


Din rie Sions 


The beer switched BPF board is 2.5 inches by 0.95 inches. The height will be less than 0.5 
inches not counting the extension of the connector pins perpendicular to the bottom of the board. 
Options 

The kit can be built in two different "flavors", each providing four switchable bands: 


e Option 1: A 160 - 10m version (see main schematic, below), and 


e Option 2: A 80-10m + 6m version (see inset in lower left corner of schematic below) 

The kit will ship with parts that enable the builder to decide what bands (which "flavor") he/she desires. 

The board itself works for both option 1 and option 2. The differences are in the components for the 

first 2 nOays (Caps C07 - C12 and coils L1 - L6. 

Appli lity 

The ssbetre can also be used with the earlier RXTX V6.3 and RX V8.3 kits. However, in those cases, 

the builder must supply the required +5 Vdc bus (and ground connection) to the HF-BPF board, there 
: ah no mabe Te sockets therefor on the earlier boards. 

Ban ¢ =f ae 
If a use ¢ Rocky as your SDR, the project initially is manually switched, using two header pins and 

their associated jumpers. 

Starting with v9.0 kits shipped after 21 Feb 2009, the USB interface microprocessor will be an 

ATTiny85 device with JanGOBBL's new enhanced features code. If there is interest in a programmed 
-ATTiny85 device for an existing v9.0 receiver, contact Tony Parks and he will price the replacement 
‘device to cover device cost, PayPal loss and mailing cost. 

PowerSDR and Winrad have enabled the programmatic switching of the board. 

Interfacing to V9.0 R» 

‘Included in ‘the k kit f isa two pin socket section to interface with J3 on the RX v9.0 board. Wires need to 
‘be connected to the two jumper plug locations, (with the jumper plugs not used), on the switched BPF 
/board to the two pin socket section. This then is the plug connection between the v9.0 board and the 
/electronically switched BPF board. An insulated sleeve may be put on the little plug to give it a more 
‘finished look and a mark may be added to indicate polarization. 

Filter VNA Tests 
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Mike Collins KF4BQ tested (on 13 December 2008) the completed board and the results can be found 


The latest schematics (1/12/2009) are at the following links: 


oO 


2) 


The board gets its power and control signals, as well as inputs and outputs, from the appropriate 
points on the Softrock Lite + Xtall RX V9.0 


Control signals (two inputs that can each be "high" or "low", resulting in four possible 
combinations) are available at J3 on the V9.0 board and are provided to this board via a cable 
connection to the holes for P102. 


Power (regulated +5 Vdc) comes from the 3-pin J2 on the V9.0 board via P101 


The RF antenna inputs and the balanced RF outputs are facilitated via P100, which plugs into the 
V9.0 board's 9-pin J1. 


RF in and out are coupled via transformers. T1 couples RF from the antenna into U1, the first of 
two switching ICs. The second switch, using the same truth table, switches the appropriate 
bandpass filter circuit through to the output transformer, T2, and thence to the pins of P100 that 
feed the balanced signal to the V9.0 RX. 


Each switch has four outputs, one for each of the four bandpass filters implemented on the board. 
The switch routes the RF to the appropriate filter, based upon the levels present at SO and $1 
(which can be set via JP1 and JP2), according to the following truth table: 


umpered jumpered ~ 1.8=4 MHz 


ee SE jumped 8 MHz 
jumpered open BIG MHZ 


me) 


open 16-30 MHz 


Coil winding data is based on the manufacturer's data used in the toroid calculators that are 
avaiable. If you do NOT have an Inductance meter, then please use these values. 


In practice the value of the toroids will be slightly HIGHER than the design value. This has been 
confirmed by a number of amateurs. However as it is much EASIER to take off a turn then to 
ADD turns, | have suggested to Tony and Robby to use the TOROID calculator data instead of 
the original values which | provided (obtained by measuring coils used in prototype) 


Bodo DJ9CS and Mike W1USN checked their winding data and also suggested to use the data 
from the Toroid calculator. Please note that the value of the core AL may vary by +/- 10% as has 
been mentioned elsewhere. 

Critical Coiis 

= From experience the inductance of the Centre (center, for the colonials) Coil (ie L2. L5,. L8 


and L11) is critical for setting the Centre Frequency of the BPF concerned. If you are sure 
that a BPF is too low in frequency then you may take the effort to take a turn off the centre 


inductor. 
= If you have a band which is completely out then closely check the ceramic capacitors. A 
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hairline crack may indicate the capacitor is faulty. For this reason | would suggest to mount 


C's about 3mm (1/8") away from the PCB. Capacitors generally will NOT survive desoldering 
so do not reuse caps. 


Project Schematic 


(Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in 
lhe schematic with red dots) 
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© Install all SMT and SOIC components to the bottom of the board, then the top of the board 
o Wind and install the transformers 

o Wind and install the Coils 

o Install the ceramic capacitors 

© Install the resistors 


© @6= Install the jumpers and connectors 


LL | 


=or the non-expert builders among us, this site takes you through a stage-by-stage build of the kit. 
=ach stage is self-contained and outlines the steps to build and test the stage. This ensures that you 
will have a much better chance of success once you reach the last step, since you will have 
successfully built and tested each preceding stage before moving on to the next stage. 

Zach stage is listed below, in build order, and you can link to it by clicking on its name below (or in the 
weader and/or footer of each web page). 
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o = Inventory the 


© Build and Test the Stage 

o Build and Test the Stage 

o Build and Test the Stage 

o Build and Test the Stage 

o Build and Test the Stage 

o Build and Test the Stage 

© Build and Test the Stage 

© Build and Test the Stage 
Oo Build and Test the Stage 

Sie. «Gy te ieee 

To learn how to wind coils and transformers, please read the 

Te) and then 

‘0 ~~ view the excellent videos on 

10 ~= or take a read of 

10 Youcan review the for details on toroidal and 

binocular inductors. 

PF Nos baiow describes techniques for soldering SOIC 14 (and 16 and 8) SMDs 

| 

| ) Read the at the Sparkfun site. It is a very good read and it speaks 
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great truths. Then take the time to watch the 


To) . Don't skimp here. Soldering deficiencies account for 80 percent of the problems 
surfaced in troubleshooting. It is preferable to have an ESD-safe station, with a grounded tip. A 
couple of good stations that are relatively inexpensive are: 


AN 


< e 
No 
- Fatt 


\8 
& 


Velleman (approx $20 at Frys) 


=» Harbor Freight 


» Avoid carpets in cool, dry areas. 
» Leave PC cards and memory modules in their anti-static packaging until ready to be installed. 


'  Dissipate static electricity before handling any system components (PC cards, memory modules) 
by touching a grounded metal object, such as the system unit unpainted metal chassis. 


' If possible, use antistatic devices, such as (see 
for $25 or the for $15)). 
Always hold a PC card or memory module by its edges. Avoid touching the contacts and 
components on the memory module. 
Before removing chips from insulator, put on the wrist strap connected to the ESD mat. All work 
with CMOS chips should be done with the wrist strap on. 
As an added precaution before first touching a chip, you should touch a finger to a grounded 
metal surface. 
if using a DMM, its outside should be in contact with the ground of the ESD mat, and both leads 
shorted to this ground before use. 
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o See the review of ESD Precautions at this 
Work Area 
© You will need a well-lit work area and a minimum of 3X magnification (the author uses a cheap 


magnifying fluorescent light with a 3X lens. This is supplemented by a hand-held 10 X loupe - with 
light - for close-in inspection of solder joints and SMT installation. 


© You should use a cookie sheet or baking pan (with four sides raised approximately a half an inch) 
for your actual work space. It is highly recommended for building on top of in order to catch stray 
parts, especially the tiny SMT chips which, once they are launched by an errant tweezer squeeze, 
are nigh on impossible to find if they are not caught on the cookie sheet. 


Niisc Tools 


o It is most important to solidly clamp the PCB in a holder when soldering. A "third-hand" (e.g., 
or the ) can hold your board while soldering. Ina pinch, you 
can get by with a simple . Jan GOBBL suggests "A very cheap way is 
to screw a Large Document Clip to a woodblock which will clamp the side of a PCB." 


o Tweezers (bent tip is preferabie). 


© A toothpick and some beeswax - these can be used to pickup SMT devices and hold them steady 
while soldering. 


© Diagonal side cutters. 

© Small, rounded jaw needle-nose pliers. 
© Set of jewelers’ screwdrivers 

© §=©6An Exacto knife. 


© Fine-grit emery paper. 


2 < PP, 
Pevrespere £ * 2 
* © 22 E36 = . of 
tJ btoiv& Bi 

@ 


EZ 4.i = 2 
To nm OoTrnie Moarr 
i wh GRE SLPCRE LA 


~ 5/27/09 3:08 PM 


(= 


— cred. veww\\ qi ’ oy OD) tye ee 
a tou, * Ame i 


=F ' oe 


ua . eit te antioROeTA dea to 


i 5 seeu torte srt!) noBeoltinpamn XS to muminim, 6 bne sas show jil-llew 8 been ii 
rilime - equal X Of blert-bner's yd hainemeiaque ei sift anel XE6 itiw tipi ineoacroult ¢ . 
noveilgieni TMS brs einiol whbloe to nditpegani ni-en09 100 


(rtontj rie ier! a ylelamixmags bezist 2ebia uc} fiw) neg piled 10 feeria eploos & Seu DUC iu 
yante dates of wemw mi Io gol No ortibliud tot bebnemmoos yirigit 2i tl gorge sow teastoal > 
texaowl inane ns yd berlonusl es yer? eono Hointw eqirlo FM yr ert visioeges 


Bax WPS 
‘ Jonrle eloog ert no IfQusd ton ew yer tT brit of atlinwogre 


oh 
= 


4.8) “baerd-birl!” A .gniebloe nonw seblor! si BOS ert qmeto yibilog of Inshogmi lzomi 
UOy. flor HG ani onnebloe elirw busod iwey blorl nso ( Satine Ono 
al Yaw GRE OV A’ eteopque JAS02 nal . giarnie 8 ctw yd teg fi 

“ 8949 6 to abie artt arnsio iliw rioitw Aooidboow & of giiD inane apist.6 


(skiseterg 2i gil ined) aesee 


vheste mer blod bas eeclveb TMe quaciq oi beau ed neo azar - xeweeed emoe bons igre ot 
“pninablog 


neta ebie lent : 
aisiig se6n-eibeor wel bebvot 


sta hati sti. 


7 
4 


4 é ot ve ha? Et ae 
ay 7 Y : 7 a Ries > - 7 19 7P E ._~s . 


F BPF Builders' Notes http://www.wb5rvz.com/sdr/hf_bpf/ 


roject Testing 
Each stage will have a "Testing" Section, outlining one or more tests that, when successfully 
completed, provide you with the confidence and assurance that you are heading in the right direction 
towards a fully tested and built transceiver. 

When you perform a test, you should always record the results of the test where indicated in the 
Testing section. This will make troubleshooting via the reflector much easier, since you will be 
communicating with the experts using a standard testing and measurement regime. 


It goes without saying that you should ALWAYS precede any tests with a very careful, 
minute inspection (using the best light and magnification available to you) to be sure all 
solder joints are clean and there are no solder bridges or cold joints. 
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Search: Search selected SDR sites 
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This kit is a daughter board, designed by Jan GOBBL and Tony KB9YIG, that provides four 
‘electronically switched band-pass filters for the Softrock Lite + Xtall V9.0 RX, replacing the 
er board in the original design. 


Prices and availability of the kit and its options are found at the 


F 


VIMens 


The electronically switched BPF board is 2.5 inches by 0.95 inches. The height will be less than 0.5 


inches not counting the extension of the connector pins perpendicular to the bottom of the board. 


The kit can be built in two different “flavors", each providing four switchable bands: 


Sit isS 


‘e Option 1: A 160 - 10m version (see main schematic, below), and 


‘e Option 2: A 80-10m + 6m version (see inset in lower left corner of schematic below) 


'The kit will ship with parts that enable the builder to decide what bands (which “flavor") he/she desires. 
The board itself works for both option 1 and option 2. The differences are in the components for the 
first 2 bands (Caps C07 - C12 and coils L1 - L6. 

The board can also be used with the earlier RXTX V6.3 and RX V8.3 kits. However, in those cases, 
the builder must supply the required +5 Vdc bus (and ground connection) to the HF-BPF board, there 
eing no matching sockets therefor on the earlier boards. 


‘f you use Rocky as your SDR, the project initially is manually switched, using two header pins and © 
‘heir associated jumpers. 

>tarting with v9.0 kits shipped after 21 Feb 2009, the USB interface microprocessor will be an 

(AT Tiny85 device with JanGOBBL's new enhanced features code. If there is interest in a programmed 
AT Tiny85 device for an existing v9.0 receiver, contact Tony Parks and he will price the replacement 
Wevice to cover device cost, PayPal loss and mailing cost. 

MowerSDR and Winrad have enabled the programmatic switching of the board. 
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The 2-pin socket (P102) provided in the Electronically Switched BPF kit is for use at the end of a kit 
builder supplied cable to plug onto header J3 on the v9.0 board. The other end of the cable needs to 
be soldered to the BPF board at JP1-1 and JP2-1. (The jumper plugs that can be used to test the BPF 
board are NOT used when the BPF selection is from the v9.0 board.) The cable length only needs to 
be an ne or so and any small gage insulated wire would be suitable. 

Filt ‘VNA Tests 
: Mike Collins KF4BQ tested (on 13 December 2008) the completed board and the results can be found 


The latest Echotidtice (1/12/2009) are at the following links: 
me) 


0 


© The board gets its power and control signals, as well as inputs and outputs, from the appropriate 
points on the Softrock Lite + Xtall RX V9.0 


‘© Control signals (two inputs that can each be "high" or "low", resulting in four possible 
combinations) are available at J3 on the V9.0 board and are provided to this board via a cable 
connection to the holes for P102. 


‘© Power (regulated +5 Vdc) comes from the 3-pin J2 on the V9.0 board via P101 


‘© The RF antenna inputs and the balanced RF outputs are facilitated via P100, which plugs into the 
V9.0 board's 9-pin J1. 


‘© ~=6 RF in and out are coupled via transformers. T1 couples RF from the antenna into U1, the first of 
two switching ICs. The second switch, using the same truth table, switches the appropriate 
bandpass filter circuit through to the output transformer, T2, and thence to the pins of P100 that 
feed the balanced signal to the V9.0 RX. 


10 Each switch has four outputs, one for each of the four bandpass filters implemented on the board. 
The switch routes the RF to the appropriate filter, based upon the levels present at SO and S1 
(which can be set via JP1 and JP2), according to the following truth table: 


Seesersd jumpered 1.8=4 MHz 
pen sjumpered 8 MHz 
jumpered open SSS«iB IS MHz 
jopen open 16-30 MHz 
A Few Words About The Coils from Jan GOBBL 


Turn Counts ae inc : du otal tanc n — = A | 
m= § Coil Gencing data is ead on the manufacturer's data used in the toroid calculators that are 
avaiable. If you do NOT have an Inductance meter, then please use these values. 


™ In practice the value of the toroids will be slightly HIGHER than the design value. This has been 
confirmed by a number of amateurs. However as it is much EASIER to take off a turn then to 
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ADD turns, | have suggested to Tony and Robby to use the TOROID calculator data instead of 
the original values which | provided (obtained by measuring coils used in prototype) 


= Bodo DJ9CS and Mike W1USN checked their winding data and also suggested to use the data 


from the Toroid calculator. Please note that the value of the core AL may vary by +/- 10% as has 
been mentioned elsewhere. 


= From experience the inductance of the Centre (center, for the colonials) Coil (ie L2. L5,. L8 
and L711) is critical for setting the Centre Frequency of the BPF concerned. If you are sure 
that a BPF is too low in frequency then you may take the effort to take a turn off the centre 
inductor. 


= If you have a band which is completely out then closely check the ceramic capacitors. A 
hairline crack may indicate the Capacitor is faulty. For this reason | would suggest to mount 
C's about 3mm (1/8") away from the PCB. Capacitors generally will NOT survive desoldering 
so do not reuse caps. 


aa bed 7 Z i, 
rraiaert & 
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(Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in 
the schematic with red dots) 
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© Wind and install the transformers 
‘© ~§©6© Wind and install the Coils 

© Install the ceramic capacitors 

© Install the resistors 


© Install the jumpers and connectors 


For the non-expert builders among us, this site takes you through a stage-by-stage build of the kit. 
Each stage is self-contained and outlines the steps to build and test the stage. This ensures that you 
will have a much better chance of success once you reach the last step, since you will have 
successfully built and tested each preceding stage before moving on to the next stage. 

Each stage is listed below, in build order, and you can link to it by clicking on its name below (or in the 


header and/or footer of each web page). 
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o ‘Inventory the 


© Build and Test the Stage 
© Build and Test the Stage 

© Build and Test the Stage 

© Build and Test the Stage 
© Build and Test the Stage 

© Build and Test the Stage 
© Build and Test the Stage 
© Build and Test the Stage 

© Build and Test the Stage 


Winding Inductors 
To learn how to wind coils and transformers, please read the 


=) and then 
° view the excellent videos on 
9 or take a read of 


2 You can review the for details on toroidal and 
binocular inductors. 


soldering 


The video below describes techniques for soldering SOIC 14 (and 16 and 8) SMDs 


Read the at the Sparkfun site. It is a very good read and it speaks 
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great truths. Then take the time to watch the 


° . Don't Skimp here. Soldering deficiencies account for 80 percent of the problems 
surfaced in troubleshooting. It is preferable to have an ESD-safe station, with a grounded tip. A 
couple of good stations that are relatively inexpensive are: 


Velleman 


a Harbor Freight 


gees i Seal BY ee me oe 
her x So ff Of te LE a2 4 q 


2 Avoid carpets in cool, dry areas. 
» Leave PC cards and memory modules in their anti-static packaging until ready to be installed. 


» Dissipate static electricity before handling any system components (PC cards, memory modules) 
by touching a grounded metal object, such as the system unit unpainted metal chassis. 


» If possible, use antistatic devices, such as (see 

for $25 or the for $15)). 
' Always hold a PC card or memory module by its edges. Avoid touching the contacts and 
components on the memory module. 
Before removing chips from insulator, put on the wrist strap connected to the ESD mat. All work 
with CMOS chips should be done with the wrist strap on. 
As an added precaution before first touching a chip, you should touch a finger to a grounded 
metal surface. 
If using a DMM, its outside should be in contact with the ground of the ESD mat, and both leads 
shorted to this ground before use. 
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o See the review of ESD Precautions at this 
Work Area 


o You will need a well-lit work area and a minimum of 3X magnification (the author uses a cheap 
magnifying fluorescent light with a 3X lens. This is supplemented by a hand-held 10 X loupe - with 
light - for close-in inspection of solder joints and SMT instaliation. 


© You should use a cookie sheet or baking pan (with four sides raised approximately a half an inch) 
for your actual work space. It is highly recommended for building on top of in order to catch stray 
parts, especially the tiny SMT chips which, once they are launched by an errant tweezer squeeze, 
are nigh on impossible to find if they are not caught on the cookie sheet. 


Misc Tools 
© It is most important to solidly clamp the PCB in a holder when soldering. A "third-handa" (e.g., 
or the ) can hold your board while soldering. Ina pinch, you 
can get by with a simple . Jan GOBBL suggests "A very cheap way is 


to screw a Large Document Clip to a woodblock which will clamp the side of a PCB." 


9 Tweezers (bent tip is preferable). 


> A toothpick and some beeswax - these can be used to pickup SMT devices and hold them steady 
while soldering. 


> Diagonal side cutters. 

> Small, rounded jaw needle-nose pliers. 
> Set of jewelers’ screwdrivers 

> An Exacto knife. 


» + Fine-grit emery paper. 
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Project Testing 


=ach stage will have a "Testing" Section, outlining one or more tests that, when successfully 


sompleted, provide you with the confidence and assurance that you are heading in the right direction 
owards a fully tested and built transceiver. 


Nhen you perform a test, you should always record the results of the test where indicated in the 
festing section. This will make troubleshooting via the reflector much easier, since you will be 
;ommunicating with the experts using a standard testing and measurement regime. 


It goes without saying that you should ALWAYS precede any tests with a very careful, 
minute inspection (using the best light and magnification available to you) to be sure all 
solder joints are clean and there are no solder bridges or cold joints. 
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Search: Search selected SDR sites | 
Bandia 6m Introduction | 
seneral 


The latest design of the HF-BPF kit now permits of two options: 


e Option 1: the original design covering 1.8 MHz - 30 mHz, in 4 bands, and 
e Option 2: a board covering 3.5 MHz - 30 MHz plus 6m, in 4 bands 


“hese builders notes describe 4 “bands” and the board layout permits filters for four bands. However, depending upon the 
yption (1 or 2), the bands named “band 1" and "band 2" will be built and installed differently. The changes for Band 1 are as 
ollows (and will be impimented somewhat more elegantly in these note, time and resources permitting): 


e Band 1 is changed between option 1 (1.8-4 MHz) and option 2 (6m): 
© C7: option 1=150 pF; option 2 = 5.6 pF 
© C8: option 1=330 pF ; option 2 = 39 pF 
o C9: option 1=150 pF ; option 2 = 5.6 pF 
© 1: option 1= 23 UH ; option 2 = 1.64 uH 
eo L2: option 1= 10.7uH; option 2 = not used 
° L3: option 1= 23 UH ; option 2 = 1.64 uH 


see the 


Sandia 6m Schematic 


Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in the schematic with red 
ots) 


) 
| 000 Band 1 = 6m | 
Ge L1 Bo ce co b L3 
5.6pF 1.64uH 39p 5.6pF 1.64uH 
Le not used 
( ) 

3sandia 6m Bill of Materials : | 
itage Bill of Materials 
vesistor images and color codes courtesy of 's ) 


12/27/10 2:35 PM 


|_ BONqd_Idinbelinoa. xvi hd ww ve gate ey eens 
= rat | Tyee 


aa, Wo ROT LS 2 ac cl 6 rhe = 80 498 
i ' | : ie i x a 
oe | ; > mA 
; ~~ eatie MGZ benalse wee | 
(ee = a eae A PR ED Me sent Seen SET ag 
. - - eee et ee ee Rene eh Re tr a rns 


‘ 


ancgo awe aro won Bi 798-51 orto 


bns .abrad b al sHar Ge - $9 6.4 gohrevoo relent intigh att: no ‘ 
abriad > ni 12 auiq SHM 0€ - ~ SHIM 2.6 gnhewoo bused & -S ne 
orth notes sibility iovawol ebried wot 10? arent airman toys! brieod srit brs “ebasd” > edhmesb | 
esens t tcl lek Vingnetiit ballaiani be tivd ed Hw "S bred" bre “I brad” bamet abned ert (S 
 igniitinrrag eeovossn bins srt 0m seer 1s yeiagele snoin teteremnoe besreeiegTd od a y 


| | | {nS niga one (sHM 8.1) Holle rented bgpnere a 

. . : Ig 8.2 = S noltqo iq G2t=t noiigo TD 

| ‘ Ry GBS neitgo ; +g O8€=P noitqD :8D ; 
4q 8.2 = S nolkqy ; 3q O8T=t nollga BA” 


Hu 89. = $ notiga ; Hu ES =f notgo td 
, bagu ton = & noliqe Muv.or st notge <1 6 
: Hi 90.1 = S notgn; nara 
| a 
}. i 


“bat ritiw atemeriae arti ni berhem es ness 0 ta liao enh aie sai 


me. z's bool” 


ae 
eee. - 
fa ons 7 
wre 2 9 , = 
Hyd. ! Aqa.e ‘aae ae 
‘Dae don $4. — 


OO le ee FR em ee 6 Fe eA a pment etc aN 


f 
: 


La 


j Psi e Brot 


fi re 9 fi ws ‘6 ie . a 
“an - ni ; on 4 ie 
a “fi 7 ; * 


i al 


Builders' Notes http://w ww.wbSrvz.com/sdr/hf_bpf/08_band1a.htm 


1.64 uH 23T #30 on 
T25-6 (15") 


Bandia 6m Summary Build Notes 
e Install the Capacitors 
e Wind and Install the Coils 


Band1a 6m Detailed Build Ne 


Top of the Board 


otes 


aan the Ca ac 


eramic 
— c oF e —— 
S9OpF 5% 39J eramic 


sich ans) eaten the Coils 


-64 uH 23T #30 on : 
: t 25-6 (15") ai pe 
-64 uH 23T #30 on 
é 25-6 (15") 
D nused capacitor nused 
Band1a 6m Completed Stage | 
. Op of the Board 
view of Completed Top 


MiSuai Inspection 
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Using very good lighting and magnification, carefully inspect the solder joints to identify bridges, cold joints, or poor contacts. 


Pay especial attention to the joints on the inductors. If necessary, touch up the joints with your iron and/or some flux. 


Continuity Tests 
Test Setup 


This tests for continuity in the "chain" of inductors for this band 


The graphic below shows two continuity chains and their associated test points on the bottom of the board. 
The "A and B chains"are shown using lettered dots and lines. : 
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rch: 


Search selected SDR sites 


Transformers Introduction | 
Seneral 
n this stage, you wind the input and output transformers that are, respectively, in front of and following the two switches. 


=ollowing the installation of the transformers, you will validate their connection/soldering with a series of continuity tests and then you 
vill validate the functioning of the two switches through a series of voltage tests and jumper settings. 


fou may want to review the 


| ) 
Transformers Schematic 


Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in the schematic with red dots) 


ay 
ate, | 
@.d1_F 
( ) 


rr a ee ee ee aa we 4 
lransformers Bill of Materials | 


itage Bill of Materiais 
'esistor images and color codes courtesy of 's ) 


should do OK 
8T/2T bifilar 
BN43-2402 
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“a Tandomer 


Transformers Summary Build Notes 


e Wind and install T1 
e Wind and install T2 


Binocular 
core 


BN-43-2402 


| 
| 
T2-core 
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jTransformers Detailed Build Notes 
Top of the Board 
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primary: one 10" (25 cm) 
length; secondaries: two 
5" (12.5 cm) length 

should do OK 


Transformers Completed Stage | 


lransformers Testing | 
fisual Check 


est Setup 
efore condiucting the continuity tests below, using good light and magnification, conduct a thorough visual check of the transformer 
ads' solder joints, looking carefully for cold solder joints. 


oldering defects are the most common causes of transformers not working correctly 


Test Setup 
Take ESD precautions in the secondary windings’ tests 


¢ This tests the installation and soldering of the leads for T1 by testing for continuity between points on the 
bottom of the board which are connected via traces to the appropriate leads of T1 


e The test points for the primary winding are marked "P": the test points for the secondaries are marked "S". 


e The primary winding testpoints correspond to pins 1 and 2 of P100 (the antenna input into the board). T1 is 
right at the antenna input and looks like a DC short. The BPF individual modules use Capacitive coupling to the 


transformer for part of the filtering so they look open (to DC). Thanks to Mike Collins KF4BQ and Daniel 
Lagerblad for this note. 
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JES! ah aN elisa tae ae ale ees NOR i: 
Resistance between P and P (Pri; see above) 
Resistance between points S and S (sec) 


Test T2 Continuity 


Take ESD precautions in the primary windings’ tests 


e This tests the installation and soldering of the leads for T2 by testing for continuity between points on the 
bottom of the board which are connected via traces to the appropriate leads of T2 


e The test points for the primary winding are marked "P"; the test points for the secondaries are marked "S". 


oe ae ye go) ae is 33 extaldabsachinindd Value Author's YOUrS. Bel 
R en P and P (Pri; see above ohms }0 0 
Resistance between points S and S (sec) ohms (0 8 


SwitchingTest 
Test Setup 
This test validates whether the switches are switching correctly for the four different settings of JP1 and JP2. 


In each switch, the switched path has approximately 2.5 Vdc available at the two voltage dividers (R1/R2, and R5/R6). 
Thus, we can test for correct switching by measuring the voltage with respect to ground at each of the test points for U1 


and U2. 


Testpoints on each successfully switched path will measure 50% of the +5 V power rail 


Testpoints on non-switched paths will measure less than 1 Vdc.. 
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Test Setup 


a eo - Woard intn #1 Se s ares Wi tit > a ee és = 
Plug the HF-BPF board into the jacks on the V9.0 board (to get power to the HF-BPF board) 


Apply power to the V9.0 board 


~ £ anh ~ a) i ae 7 AaActmninte ne hy ~ +b, Le ret loam —e 
ad of each of the two testpoints for the path chosen (expect 


ror eramr - ma % Has eee P - 52h an & Sen mtnrd ae MAH LL bh. swamhir Raltres: 
ror example, path 7 has two test points, each indicated as "4" in the graphic below 


pri wt olen 
P1 and JP2 


P11 and JP2 closed - measure testpoint 1 (at C7) We a el Ee . 
P1 Open, JP2 Closed - measure testpoint 2 (at L6) on 2, es Peer ee 
P1 Open, JP2 Closed - measure testpoint 2 (at C10 a ee ae Kate. 


P1 Closed, JP2 Open - measure testpoint 3 (at L9) ee Ee 
2 Sora dee RIB ie) 


P1 Closed, JP2 Open - measure testpoint 3 (at C13) Wde 


P1 Open, JP2 Open - measure testpoint 4 (at L12) Vae5 2:5. BAB eileen 


P1 Open, JP2 Open - measure testpoint 4 (atC16) Ndc 2.5 2.48 


STRESS: GE ep ees 
closed - measure testpoint 1 (at L3) 


Ke 


de_P. D 48 
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Search: Search selected SDR sites 


IBand 1: 1.8-4 MHz Introduction | 
General 


The latest design of the HF-BPF kit now permits of two options: 


* Option 1: the original design covering 1.8 MHz - 30 mHz, in 4 bands, and 
e Option 2: a board covering 3.5 MHz - 30 MHz plus 6m, in 4 bands 


These builders notes describe 4 "bands" and the board layout permits filters for four bands. However, depending upon the option (1 or 
2), the bands named “band 1" and “band 2" will be built and installed differently. The changes for Band 1 are as follows (and will be 
impimented somewhat more elegantly in these note, time and resources permitting): 


¢ Band 1 is changed between option 1 (1.8-4 MHz) and option 2 (6m): 
© C7: option 1=150 pF; option 2 = 5.6 pF 
© C8: option 1=330 pF ; option 2 = 39 pF 
© C9: option 1=150 pF ; option 2 = 5.6 pF 
°o  L1: option 1= 23 uH ; option 2 = 1.64 uH 
© 2: option 1= 10.7uH; option 2 = not used 
°o L3: option 1= 23 uH ; option 2 = 1.64 uH 


See the 


haat and installs the filter "chain" for Band 1. Refer to EB BL to see the performance characteristics of 
this chain. 


Remember, when winding toroidal inductors, a single pass through the core counts as 1 turn. You might want to review 
on winding toroidal coils. 


( ) 


[Band 1: 1.8-4 MHz Schematic 


(Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in the schematic with red dots) 


( ) 
Band 1 = 1.8-4 Mhz 


ae : ne 
Seer 23uH iP Soda eg a gape Se 
( ) 
Band 1: 1.8-4 MHz Bill of Materials 
Stage Bill of Materials 
(resistor images and color codes courtesy of 's ) 
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O L2-core T30-2 toroid core (s) ; Band 1: 
en 1.8-4 MHz 


L3-core T36-2 toroid core 


#30 enameled 
magnetic wire 


23 UH 71T #30 on 
T30-2 (39") 


Band 1: 
1.8-4 MHz 


=| = 
g & & =| § 8 
Ca = = R Ps} oS 
® is) ie] aes = 
3 3 Q Q 

= = 


23 UH 71T #30 on 
T30-2 (39") 


2) 


oil 


Band 1: 
1.8-4 MHz 


cos 330 pF 5% 


QO 
i} 

= 

og 

3. 
i) 
cme oe. 
co @ 
jag 

Qa 
= 
Be 
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Band 1: 
1.8-4 MHz 


10.7 uH 50T #30 on 
T30-2 (28") 


fal ba 2 a 


B 
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Band 1: 1.8-4 MHz Summ: 
e Install the Capacitors 
e Wind and Install the Coiis 


of the Board 


 POl ah 
a ey Po ee 
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a cos 330 pF 5% 


Ceramic 


Wind and Install the Coils 


© B® 


hairpin) 


Winding2 


Winding 2 


Winding 2 Winding 2 
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Band 1: 1.8-4 MHz Completed Stage 
Top of the Board 


Txt te ? Mike Couns KF4BQ for the- 
Pe 3 £3 


Neccucstuons wr 


Band 4 


Visual Check 
Test Setup 


1.8- A MHz Testing 


Using very good lighting and magnification, carefully inspect the solder joints to identify bridges, cold joints, or poor contacts. 
Pay especial attention to the joints on the inductors. If necessary, touch up the joints with your iron and/or some flux 
Continuity Tests 
Test Setup 
© This tests for continuity in the "chain" of inductors for this band 


The graphic below shows two continuity chains and their associated test points on the bottom of the board. 
The "A and B chains"are shown using lettered dots and lines. : 


een ee ne (A-A and B-B), measure the resistance peartarlle shared gst you want ~0 ohms. 


Point A to Point A 
oint B to Point B 
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iBand 2: 4-8 MHz Introduction 
General 


The latest design of the HF-BPF kit now permits of two options: 


e Option 1: the original design covering 1.8 MHz - 30 mHz, in 4 bands, and 
e Option 2: a board covering 3.5 MHz - 30 MHz plus 6m, in 4 bands 


These builders notes describe 4 "bands" and the board layout permits filters for four bands. However, 
depending upon the option (1 or 2), the bands named "band 1" and "band 2" will be built and installed 
differently. The changes for Band 2 are as follows (and will be impimented somewhat more elegantly 
n these note, time and resources permitting): 


e Band 2 is changed between option 1 (4-8 MHz) and option 2 (3.5-8MHz): 
o C10: option 1=100 pF; option 2 = 120 pF 
© C11: option 1=390 pF ; option 2 = 270 pF 
© C12: option 1=100 pF ; option 2 = 120 pF 
o L4: unchanged 
©  L5: option 1= 2.1 uH ; option 2 = 3.5 uH 
o  L6: unchanged 


see the 


‘his stage builds and installs the filter "chain" for Band 2. Refer to to see 
ne performance characteristics of this chain. 


Remember, when winding toroidal inductors, a single pass through the core counts as 1 
urn. You might want to review on winding toroidal 
oils. 
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Band 2: 4-8 MHz Schematic 


(Resistor testpoints (hairpin, top, or left- 


hand lead), as physically installed on the board, are marked in 
the schematic with red dots) 


( ) 
Band 2 = 4-8 MHz 
cio, 1 a4 LS | cia {1B 
1@@0F 8uH Cli @.1uH 
p 390 f 1@@pF Sul 
+ 
) 


iBand 2: 4-8 MHz Bill 


Stage Bill of Materials 
(resistor images and color codes courtesy of 's ) 
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i ae all 


8 UH 49T Band 

#30 on @ Coil 2: 4-8 

T25-2 (22") |, MHz 

Band 

C11 390 pF 5% {391 Ceramic 2: 4-8 
MHz 


18 UH 49T Band 
Ly L4 #30 on 2: 4-8 
T25-2 (22") oi MHz 


Band 2: 4-8 MHz Sum mary Build Notes 
e Install the Capacitors 
e Wind and Install the Coils 


Band 2: 4-8 MHz | Det 
lop of the Board 


= S96 © S 


} 
} 


eramic 


: 400 pF 5% 


a 11 390 pF 5% eramic 


Wind and Install the Coils 
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[Band 2: 4-8 MHz Completed Stage 
Top of the Board 


A es 2 My | Sema d 


iBand 2: 4-8 MHz Testing | 


Visual Check 


Test Setup 
Using very good lighting and magnification, carefully inspect the solder joints to identify bridges, cold 


‘oints, or poor contacts. 


Pay especial attention to the joints on the inductors. If necessary, touch up the joints with your iron 
and/or some flux. 


Continuity Tests 
Test Setup 
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© This tests for continuity in the “chain” of inductors for this band 


o The graphic below shows two continuity chains and their associated test points on 
the bottom of the board. 


o The "A and B chains"are shown using lettered dots and lines. : 


o For each of the two segments (A-A and B-B), measure the resistance between the 
dot pairs - you want ~0 ohms. 


i SSH hs 
Point A 
Point B to Point B ohms 
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HF BPF 06_Band3:8-16MHz 


Search: Search selected SDR sites 


IBand 3: 8-16 MHz Introduction Spipaitncstitsh chanel aedtmenencuaaeenemmamartoed 


General 
See the 


. This stage builds and installs the filter "chain" for Band 3. Refer to to see the performance characteristics of 
this chain. 


& Remember, when winding toroidal inductors, a single pass through the core counts as 1 tum. You might want to review 
on winding toroidal coils. 


( ) 
Band 3: 8-16 MHz Schematic 
(Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in the schematic with red dots) 


( ) 
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Band 3: 8-16 MHz Bill of Materials 
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e Install the Capacitors 
e Wind and install the Coils 


Band 3: 8-16 MHz Detailed Build Notes 
Top of the Board 


Wind and install the Caiis 


CheckDesignation 


t 8 ioe 20T #30 on T25-6 a, oil 


Band 3: 8-16 MHz Completed Stage 


Top of the Board 
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ting 


Band 3: 8-16 MHz Tes 
Visual Check 

Test Setup 

Using very good lighting and magnification, Carefully inspect the solder joints to identify bridges, cold joints, or poor contacts. 


Pay especial attention to the joints on the inductors. If necessary, touch up the joints with your iron and/or some flux. 


Continuity Tests 

Test Setup 
© This tests for continuity in the "chain" of inductors for this band 
© The graphic below shows two continuity chains and their associated test points on the bottom of the board. 
o The "Aand B chains"are shown using lettered dots and lines. - 


© For each of the two segments (A-A and B-B), measure the resistance between the dot pairs - you want ~0 ohms. 
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Search: 


Search selected SDR sites 


Band 4: 16-30 MHz Introduction | 
seneral 


See the 


This stage builds and installs the filter "chain" for Band 4. Refer to 
if this chain. 


© 


to see the performance characteristics 


Remember, when winding toroidal inductors, a single pass through the core counts as 1 turn. You might want to 
eview on winding toroidal coils. 


) 
sand 4: 16-30 MHz Schematic 


Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in the schematic with red dots) 
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Band 4: 16-30 
MHz 


100 pF 5% 


2 UH 27T #30 on 125-6 
(16") 


Band 4: 16-30 


Band 4: 16-30 


0.53 uH 14T #30 on 


: T25-6 (10") MHz 
ee eee 
3and 4: 16-30 MHz Summary Build Notes | 
e Install the Capacitors 
e Wind and Install the Coils 
sand 4: 16-30 MHz Detailed Build Notes 


op of the Board 
ma’ 


install the Capacitors 


yellow 


0.53 uH 14T #30 on T25-6 
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Dn ee il ae 
3and 4: 16-30 MHz Completed Stage | 


. FR a a a a ee ee eS eae | 
op of the Board 
es A ee ETE - 


aie 


z <r = ‘ a "9 é ‘ aril - : ~ ; 
sand 4: 16-30 MHz Testing | 
isual Check 
2st Setup 
sing very good lighting and magnification, carefully inspect the solder joints to identify bridges, cold joints, or poor contacts. 


ay especial attention to the joints on the inductors. If necessary, touch up the joints .with your iron and/or some flux. 


Continuity Tests 
Test Setup 
e This tests for continuity in the "chain" of inductors for this band 
e The graphic below shows two continuity chains and their associated test points on the bottom of the board. 
e The "A and B chains"are shown using lettered dots and lines. : 
e For each of the two segments (A-A and B-B), measure the resistance between the dot pairs - you want ~0 ohms. 
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Testpoint = 
oint A to Point A 
oint B to Point B 
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General 
Inventory your kit before doing anything else. You may want to print out and use the 
to aid you in identifying and arranging the various components. 
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nductor-toroid 25-6 toroid core . 5 
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a a ae Sent reetee sees See 
Search: Search selected SDR sites | 


Bandia 6m Introduction 
seneral 


The latest design of the HF-BPF kit now permits of two options: 


» Option 1: the original design covering 1.8 MHz - 30 mHz, in 4 bands, and 


» Option 2: a board covering 3.5 MHz - 30 MHz plus 6m, in 4 bands 


These builders notes describe 4 "bands" and the board layout permits filters for four bands. However, 
lepending upon the option (1 or 2), the bands named "band 1" and "band 2" will be built and installed 
lifferently. The changes for Band 1 are as follows (and will be implmented somewhat more elegantly 
n these note, time and resources permitting): 


» Band 1 is changed between option 1 (1.8-4 MHz) and option 2 (6m): 
© C7: option 1=150 pF; option 2 = 5.6 pF 
© C8: option 1=330 pF ; option 2 = 39 pF 
© C9: option 1=150 pF ; option 2 = 5.6 pF 
© L1: option 1= 23 uH ; option 2 = 1.64 uH 
©  L2: option 1= 10.7uH; option 2 = not used 
© =L3: option 1= 23 UH ; option 2 = 1.64 uH 
ee the 
Bandi1a 6m Schematic 


Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in 
Ne schematic with red dots) 
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View of Completed Top 
Bandia 6m T 


Using very good lighting and magnification, carefully inspect the solder joints to identify 
bridges, cold joints, or poor contacts. 


Pay especial attention to the joints on the inductors. If necessary, touch up the joints with 
your iron and/or some flux. 
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PO a, a. ss FD ee 
Switches Introduction | 
3seneral 


This stage provides the two FST 3253 1-4 switches to permit switching a particular band’s filter "chain" 
nto or out of the board's outputs. The switches essentially "connect" the Input manstorner, via a set of 
ters, to the output transformer 


) 
Switches Schematic 


Resistor testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in 
1e schematic with red dots) 
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ee. SS Pee 
Rees Truth Table 
‘To J2 on 
V9.0 RX EAS 
i see { A] : 
U2 


FST3253 FST3e53 
U1: input switch U2: output switch 


) 
switches Bill of Materials 


tage Bill of Materials 
esistor images and color codes courtesy of 


theckiDesignation|ComponentiMarking 


Switches 
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FST3253 


E =jU2 ‘=... |SOIC-16 Switche 
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Install FST3253 Switches 


Take ESD 
precautio 


Take ESD 
precautio 


Switches Completed Stage 
3ottom of the Board 


a ce ki = Hh et Bo m = " hs, eine 
> = 2 
switches Testing | 
ESD 
Test Setup . 
Take ESD precautions when conducting these inspections and tests. The IC switches are extremely sensitive to 
static damage. 


isual Check 


2st Setup 
sing very good lighting and magnification, carefully inspect the solder joints to identify bridges, cold 
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oints, or poor contacts. 


ay especial attention to the joints on the two IC's pins. If necessary, touch up the joints with your iron 
and/or some flux. Wick up any excess. 


U1 Continuity Tests (only if necessary) 


"Continuity" in this case is actually a resistance that is several orders of magnitude below 
the non-continuity case. Depending upon the ohmmeter, you could see "continuity" 
indicated by a resistance of between 60 and 90 k ohms: “non-continuity" would be 
indicated by a resistance of 3 - 6 M ohms. 


e The following tests should only be attempted if you have taken good anti-static, ESD 
precautions, since the potential exists to completely “fry” the FST 3253. This is especially 
true during the so-called “static season". 


e Apply 5 Vdc to the board at P101-2 (+5) and P100-3 (ground) 


e For FST 3253 switch U1, measure the continuity between Point X and Points 1, 2, 3, and 
4, for each of the appropriate jumper settings on JP1 and JP2 


e The terms "open" and "closed" refer to the jumpered status of JP1 and/or JP2. "Open" 


e The nominal result of "X —-> 1" means there is continuity between the 2 points. See 
testpoints graphic below. 


means not jumpered. 
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P1 Open, JP2 Closed} ohm Se — (= 70-100)64 | 
P1 Closed, JP2 Spenco fon 1x aS S 70-100)-64 | 


P1&2 Open 


U2 Continuity Tests (only if necessary) 
Test Setup 


"Continuity" in this case is actually a resistance that is several orders of magnitude below 
the non-continuity case. Depending upon the ohmmeter, you could see “continuity” 
indicated by a resistance of between 60 and 90 k ohms; "non-continuity" would be 
indicated by a resistance of 3 - 6 M ohms. 


e The following tests should only be attempted if you have taken good anti-static, ESD 
precautions, since the potential exists to completely “fry” the FST 3253. This is especially 
true during the so-called "static season”. 


e Apply 5 Vdc to the board at P101-2 (+5) and P100-3 (ground) 


e For FST 3253 switch U2, measure the continuity between Point X and Points 1, 2, 3, and 
4, for each of the appropriate jumper settings on JP1 and JP2 


e The terms “open” and “closed” refer to the jumpered status of JP1 and/or JP2. "Open" 


means not jumpered. : 


e¢ The nominal result of "X -—> 1" means there is continuity between the 2 points. See 
testpoints graphic below. 
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P1&2 Closed 


P1 Open, JP2 Closed|k ohmjU2: X 


--->2 (= 70-100) 
P1 Closed, JP2 Openk ohmlU2: X --->3 (= 70-100) 


P1&2 Open kK ohmjU2: X --->4 (= 70-100)--64 
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‘ct Introduction 


ae Search selected SDR sites 


Ss a daughter board, designed by Jan GOBBL and Tony KB9YIG, that provides four electronically 
| pA ap filters for the Softrock Lite + Xtall V9.0 RX, replacing the single-band daughter board in 
nal design. 


g Information 
nd availability of the kit and its options are found at the Softrock Ordering Website. 


ions 
‘tronically switched BPF board is 2.5 inches by 0.95 inches. The height will be less than 0.5 inches 
iting the extension of the connector pins perpendicular to the bottom of the board. 


‘an be built in two different "flavors", each providing four switchable bands: 
ion 1: A 160 - 10m version (see main schematic, below), and 


ion 2: A 80-10m + 6m version (see inset in lower left corner of schematic below) 

vill ship with parts that enable the builder to decide what bands (which "flavor") he/she desires. The 
self works for both option 1 and option 2. The differences are in the components for the first 2 

vaps C07 - C12 and coils L1 - L6. 

bility 

rd can also be used with the earlier RXTX V6.3 and RX V8.3 kits. However, in those cases, the 
nust supply the required +5 Vdc bus (and ground connection) to the HF-BPF board, there being no 
j sockets therefor on the earlier boards. 

itching 

‘e Rocky as your SDR, the project initially is manually switched, using two header pins and their 

ed jumpers. 

with v9.0 kits shipped after 21 Feb 2009, the USB interface microprocessor will be an AT Tiny85 

ith JanGOBBL's new enhanced features code. If there is interest in a programmed ATTiny85 device 
dsting v9.0 receiver, contact Tony Parks and he will price the replacement device to cover device 
yPal loss and mailing cost. 

DR and Winrad have enabled the programmatic switching of the board. 


ing to V9.0 RX 


V9.0 RX Board 


ATTiny 


Soft 

) Ee ORP2208 

n socket (P102) provided in the Electronically Switched BPF kit is for use at the end of a kit builder 
cable to plug onto header J3 on the v9.0 board. The other end of the cable needs to be soldere¢ 
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‘ board at JP1-1 and JP2-1. (The jumper plugs that can be used to test the BPF board are NOT 
en the BPF selection is from the v9.0 board.) The cable length only needs to be an inch or so and 
Il gage insulated wire would be suitable. 


lA Tests 
lins KF4BQ tested (on 13 December 2008) the completed board and the results can be found at 


st schematics (1/12/2009) are at the following links: 
on 1 - 1.5-30 MHz 


on 2 - 3.5-30 MHz plus 6m 
of Operation 


board gets its power and control signals, as well as inputs and outputs, from the appropriate 
'ts on the Softrock Lite + Xtall RX V9.0 


trol signals (two inputs that can each be "high" or "low", resulting in four possible combinations) 
available at J3 on the V9.0 board and are provided to this board via a cable connection to the holes 
0102. 


fer (regulated +5 Vdc) comes from the 3-pin J2 on the V9.0 board via P101 


RF antenna inputs and the balanced RF outputs are facilitated via P100, which plugs into the V9.0 
‘d's 9-pin J1. 


n and out are coupled via transformers. T1 couples RF from the antenna into U1, the first of two 
ching ICs. The second switch, using the same truth table, switches the appropriate bandpass filter 
sit through to the output transformer, T2, and thence to the pins of P100 that feed the balanced 

al to the V9.0 RX. 


h switch has four outputs, one for each of the four bandpass filters implemented on the board. The 
ch routes the RF to the appropriate filter, based upon the levels present at SO and S1 (which can 
‘et via JP1 and JP2), according to the following truth table: 

JP2 ($1) 
jumpered 


Vords About The Coils from Jan GOBBL 

unts and Inductances 

winding data is based on the manufacturer's data used in the toroid calculators that are avaiable. 
u do NOT have an Inductance meter, then please use these values. 


ractice the value of the toroids will be slightly HIGHER than the design value. This has been 
‘irmed by a number of amateurs. However as it is much EASIER to take off a turn then to ADD 

s, | have suggested to Tony and Robby to use the TOROID calculator data instead of the original 
es which | provided (obtained by measuring coils used in prototype) 

o DJ9CS and Mike W1USN checked their winding data and also suggested to use the data from 
Toroid calculator. Please note that the value of the core AL may vary by +/- 10% as has been 
‘tioned elsewhere. 

ical Coils 

‘From experience the inductance of the Centre (center, for the colonials) Coil (ie L2. L5,. L8 and 


L11) is critical for setting the Centre Frequency of the BPF concerned. If you are sure that a BPF 
is too low in frequency then you may take the effort to take a turn off the centre inductor. 


If you have a band which is completely out then closely check the ceramic capacitors. A hairline 
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oo may indicate the capacitor is faulty. For this reason | would suggest to mount C's about 
su (1/8") away from the PCB. Capacitors generally will NOT survive desoldering so do not reuse 


ct Schematic 
'testpoints (hairpin, top, or left-hand lead), as physically installed on the board, are marked in the 


va 
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Kstall al! SMT and SOIC components to the bottom of the board, then the top of the board 


ind and install the transformers 


Jind and instali the Coils 
stall the ceramic capacitors 
stall the resistors 


stall the jumpers and connectors 


ject Detailed Build Notes 

b> non-expert builders among us, this site takes you through a stage-by-stage build of the kit. Each 

is self-contained and outlines the steps to build and test the stage. This ensures that you will have a 
better chance of success orice you reach the last step, since you will have successfully built and 
each preceding stage before moving on to the next stage. 

stage is listed below, in build order, and you can link to it by clicking on its name below (or in the 


r and/or footer of each web page). 


ventory the Bil! of Materials 


uild and Test the Busses and Rails Stage S. 
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| and Test the Switches Stage 

1 and Test the Transformers Stage 

1 and Test the Band 1: 1.8-4 MHz Stage 
1 and Test the Band 2: 4-8 MHz Stage 

1 and Test the Band 3: 8-16 MHz Stage 
Jd and Test the Band 4: 16-30 MHz Stage 
id and Test the Bandia 6m Stage 

id and Test the Band2a 3.5-8 MHz Stage 


ground Info 


ty Inductors 
‘how to wind coils and transformers, please read the 


from the experts and then 
iv the excellent videos on KCOWOXs Website 


lake a read of Dinesh's VU2FD guidelines. 
4. can review the common construction techniques for inductors for details on toroidal and binocular 


uctors. 


ing ap | 
0 below describes techniques for soldering SOIC 14 (and i6 and 8) SMDs 


| Installation | Soldering Tips | 8.E.S.T.... 
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je above in full-screen mode on Youtube. 


sad the Primer on SMT Soldering at the Sparkfun site. It is a very good read and it speaks great 
ths. Then take the time to watch the video tutorial on soldering an SOIC SMD IC. 


sider Stations. Don't skimp here. Soldering deficiencies account for 80 percent of the problems A 
irfaced in troubleshooting. It is preferable to have an ESD-safe station, with a grounded tip. A coup 


‘good stations that are relatively inexpensive are: 
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Harbor Freight ESD Solder Station (under $50) 
ESD Protection 


nid carpets in cool, dry areas. 

ave PC cards and memory modules in their an 
isipate static electricity before handling any system components (PC cards, memory modules) by 
iching a grounded metal object, such as the system unit unpainted metal chassis. 

-ossible, use antistatic devices, such as wrist straps and antistatic mats (see Radio Shack's Set for 
5 or the JameCo AntiStatic mat for $15)). 

vays hold a PC card or memory module by its edges. Avoid touching the c 
‘the memory module. 

fore removing chips from insulator, put on the wrist strap connected to the ESD mat. All wor 
NOS chips should be done with the wrist strap on. 

aution before first touching a chip, you should touch a finger to a grounded metal 


ti-static packaging until ready to be installed. 


ontacts and components 


k with 


an added prec 
rface. 


using a DMM, its outside should 
orted to this ground before use. 


1e the review of ESD Precautions at this link. 


be in contact with the ground of the ESD mat, and both leads 


Area 
su will need a well-lit work area and a minimum of 3X magnification (the author uses a cheap 


agnifying fluorescent light with a 3X lens. This is supplemented by a hand-held 10 X loupe - with 
Wht - for close-in inspection of solder joints and SMT installation. 


t5u should use a cookie sheet or baking pan (with four sides raised approximately a half an inch) for 
,ur actual work space. It is highly recommended for building on top of in order to catch stray parts, 
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the tiny SMT chips which, once they are launched by an errant tweezer squeeze, are nigh 
ible to find if they are not caught on the cookie sheet. 


mportant to solidly clamp the PCB in a holder when soldering. A "third-hand" (e.g., Panavise 
dricks kits PCB Vise) can hold your board while soldering. In a pinch, you can get by with a 


d-hand, alligator clip vise. Jan GOBBL suggests "A very cheap way is to screw a Large 
Clip to a woodblock which will clamp the side of a PCB." 


| Head Strap 
(bent tip is preferable). 


« and some beeswax - these can be used to pickup SMT devices and hold them steady while 


‘ide cutters. 
inded jaw needle-nose pliers. 
2lers' screwdrivers 

knife. 


nery paper. 
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st Testing 
Je will have a "Testing" Section, outlining one or more tests that, when successfully completed, 
Du with the confidence and assurance that you are heading in the right direction towards a fully 
d built transceiver. 
1 perform a test, you should always record the results of the test where indicated in the Testing 
his will make troubleshooting via the reflector much easier, since you will be communicating with 
ts using a standard testing and measurement regime. 
When comparing measurements to those published in these notes, the builder should 
be aware that actual and expected values could vary by as much as +/- 10% The idea 
behind furnishing "expected/nominal" measurement values is to provide the builder 
with a good, "bailpark" number to determine whether or not the test has been 
successful. If the builder has concerns about his measurements, he should by all 
means pose those concerns as a query in the Softrock reflector so the experts can 
provide assistance. 


It goes without saying that you should ALWAYS precede any tests with a very careful, minute 
inspection (using the best light and magnification available to you) to be sure all solder joints 
are clean and there are no solder bridges or cold joints. 


This kit can be built and reliably tested using nothing more than a common multimeter. 
Tests assume that the builder has a decent digital multimeter of sufficiently high input 
impedance as to minimize circuit loading issues. Measurements will be taken of 
current draws, test point voltages, and resistances. 


Most stages will have a current draw test, in which the builder tests the stage's current 
draw in two different ways: 


© First, testing the draw through a current-limiting resistor 


o Then, when that test is OK, removing the current-limiting resistor and measuring 
the real current draw. 


Some tests will require you to use your ham radio to receive or generate a signal of a 
specified frequency in order to test transmitters, oscillators, dividers, and/or receivers. 


Optional testing. If the builder has (access to) a dual channel oscilloscope, along with 
an audio signal generator and an RF signal generator, and feels the need to perform 
tests beyond the basic DMM tests, certain stages will include in their testing section 
some optional tests involving this advanced equipment. 


The !QGen or DQ-Gen programs available free from Michael Keller, DL6IAK, can be used 
in a pinch to get the sound card to produce audio tones for injection into the circuit. 


- You can always use Rocky to generate | and Q signals for tests requiring these audio 
signals (this is the author's preferred way) 


ill of Materials Busses and Rails Switches Transformers Band 1: 1.8-4 MHz _ Band 2: 4-8 
1d 3: 8 16 MHz Band 4: 16-30 MHz Band1a6m_  Band2a3.5-8 MHz Comments Revisions 
as of 4/2/2009 WB5RVZ Main Homepage 
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